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1.0 COST TRADE STUDIES 


A. SOLAR HEATING SYSTEM DESIGN YEAR 

A base solar year for the design of the solar heating system and demonstration 
of solar capabilities was sought for the site at William O' Brien State Park 
in Minnesota. Minneapolis-St. Paul climatological data for the years 
1949-1975, inclusive, were analyzed. Also daily averages (by month) 
of solar energy incident on a horizontal surface at St. Cloud, Minnesota 
were used as an additional aid and are given in the following table. 


Daily Averages of Solar Energy Received on a 
Horizontal Siu’face (monthly) for Latitude 46° N* 


Jan. 

Feb. 

March 

April 

May June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

627 

878 

1461 

1734 

2 070 2 060 

2118 

1667 

1343 

1048 

646 

561 


* Averages are BTU/ft^- day 

From an abundance of weather parameters available, the minimum number 


that would provide a good estimate of heating seasons was sought. 

The following parameters were used: 

1. Number of clear and partly cloudy days for each month. 

2. Average sky cover indicator for each month. 

3. Percent of possible sun.shine for each month. 

4. Degree days for each month, 

5. Ratio of degree days-to-average solar incidence for each month. 

Parameter 5 is defined as: 

Degree Days Monthly Degree Days 

A vg. Incidence ~ U^ossible Sunshine/Mo. ) (Daily Avg. Solar Incidence) 

This parameter, as defined, does not take into account the number of days 
in each month. However, since the number of days in a given month changes 
only slightly from one year to another, insignificant error is anticipated 
when the parameter is used for comparison purposes. Also, since the total 
number of days is the same for each year, a correcting effect is anticipated 
when summing monthly totals to give final yearly results. 
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An eight month heating season was selected for the William O' Brien site. 

Table 2 shows a monthly and yearly summary of the parametric results 
for the years 1957, 1958, 1959, 1960, 1964, 1966 and 1974. These years 
were the final candidates selected after a preliminary elimination analysis 
based on a four core month heating season. The four core months were 
January, February, November, and December; they account for 
approximately 66 7. of the total yearly heating load. 

Figure 1 shows a yearly comparison of the results given in Table 1. For 
solar demonstration purposes, a heating season with both high degree days 
and low ratio degree days*to- possible solar Incidence is desirable 
The year 1964 meets both of these requirements for solar demonstration 
purposes while 1958 meets the latter one. The year 1958 was selected for three 
reasons: (1) it appeared to be a good solar insolation year, (2) results based 
on 1958 would be more representative of typically expected years than 1964, 
and (3) the information for 1958 was immediately available. Also, some 
preliminary system trade off analysis had been done with 1957 weather data, 
again because of weather tape availability. 

Referring to Table 1, the year 1958 showed 1519 maximum monthly degree 
days in December, Also, the coldest months of the season in the site area, 
January and February, indicate that the winter probably was relatively 
warm. In 1966, January showed 1909 degree days as compared to 1311 
for the year 1958. Therefore, it was anticipated that the design day 
(coldest day of year) for 1958 would give a design heating load lower than 
normally predicted for the site area. 

B. SITE ENERGY CONSERVATION MODIFICATIONS 

Initial calculations to determine the sensible heating load and the load due 


TABLE 1. SUMMARY OF PARAMETERS FOR DETERMINATION OF HEATING 
SEASON FOR WM. O' BRIEN SITE 


TABU', 1 SUMMARY OF PARAMETF.US FOR DETERMINATION OF 
HEATING SEASON FOR W M. O' BRIEN SITE 
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DEGREE DAYS FOR HEATING SEASON 





FIGURE 1 

HEATING SEASON SELECTION FOR 
WILLIAM O' BIUEN SITE 


DEGREE OAYS/PCT. POSSIBLE INCIDENCE 


to infiltration were performed for the William O'Brien site as it originally 
existed. Calculation results showed the following conditions: 

UA * 750 BTU/Hr, - (approx.) 

Infiltration » 125 cfm (approx.) 

Simulation heating load analysis showed that, with 28 collector modules 
(504 sq. ft.), less than a 30 'a solar contribution could be expected. Therefore, 
energy conservation measures were needed to make the site feasible for 
solar assisted heuting. 

The following energy conserving measures will be made at the retrofit 
solar heating site. 

1. All wuidows on the house are single glaze but have storm 
windows added during the heating season. Due to the age of the 
structure (20± years), weatherstripping will be done on all windows 

exposed to outdoor conditions. 

2. The attic presently has only 4 inches of loose fill insulation. 

Six more inches of insulation will be added in the attic. 

3. The air duct in the present tuck-under garage, an unheated space, is 
uninsulated. Fiberglass blanket insulation (1 inch thick) will be 
prov ided. 

4. The walls of hie exposed basement consist of 12 inch thick concrete 
block and are a large contributor to the total sensible heat loss from 
the building. This inferior wall envelope will have 11/2 inch 
styrofoam insulation and 5/8 inch gypsum board added. 

5. The main building walls have only 2 inches of fiberglass insulation; 
more insulation should bo added. Such a renovation would be quite 
costly, and thereloi'e tlxese walls will be left m tiieir existing condition. 
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6. The new addition to the house will be a garage: the present tuck-under 
garage will be modified to house solar equipment. The present 
garage door will be closed with concrete blocks* and a window will 

be iiit.alled in its place. Also, two of the presently exposed walls 
will have 3/4 inch styrofoam insulation added, and the north facing 
wall will be finished with 5/8 inch gypsum board. This space will 
remain unheated. 

7. The collector stand will be an integral part of the south facing 
residential wall. Both ends of the structure shall be closed off, 
and therefore, it will serve as a buffer shielding a large portion 
of the south wall of tlie house from environmental conditions. 

With these proposed changes, a substantial decrease in sensible heat loss 
and also a decrease in infiltration losses was obtained. Calcttlr.tions show 
the following conditions: 

UA » 460 BTU/hr. - “F (approx.) 

Infiltration « 110 cfm (approx.) 

The first parameter was reduced by 39% and the latter by 12% from the values 
for the original building prior o the energy conservation innovations. 
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C» SOLAR HEATING SYSTEM OPTIMIZATION 


A CO., uter simulation model for the Wm. O'Brien solar heating site was 
analyzed, and results were obtained such that components optimization could 
be made. The system was analyzed for years 1957 and 1958 with final results 
based on the year 1958. Also the energy conservation improvements described 
earlier were implemented in the simulation model. 

The system tradeofi study consisted of checking the effect on space heating 
and DHVV contrihuticm by .^ular enei gv for variations in the following 
parameters; 

1. Collector ;ii’ea 

2. Storage tank size 

3. Storage tank setpoint temperature 

4. Collector-side heat exchanger and solar heating coil effectiveness 

5. Collector loop flow rate 

6. DHW solar coil in storage tank. 

Not all parameters wore checked individually. Previous analyses had shown 
that small gains could be expected by increasing the individual heat exchanger 
effectiveness above .8 and tlsat the load-side heat exchanger had a larger 
effect on increasing system performance. Also, from previous analyses, 
system flow rates were set to approximately 12 gpm in the collector loop and 
8 gpm in both the direct heating and heating from storage loops. Of the three 
flows, the variation of collector loop flow rate has the dominant effect on 
increasing system performance. Therefore, only the collector loop flow 
variation was considered for optimization analysis. 


Results of system component tradeoff analysis for total system optimization 
are summarized in Table 2. The effect of solar base year selection can be 
noted. The performance of the intially proposed solar heating system for 
the year 1957 was 44. 4% (#1) and 46. 5% (#6) for the year 1958. This was 
entirely due to 1958 being a better solar year. The solar energy collected 
was 7. 7% more even though the collection efficiency was lower, 23% 
compared to 24. 3%, Therefore, the selection of a base year for solar 
energy demonstration can be a factor. It is desirable to naturally have high 
solai incidence. However, it is just as important to have a good load heating 
season to reflect actual conditions that may be encounterecj. 


The effect of varying ail oi the listed parameters except collector area is 
shov/n in simulation runs #2 to #5. Simulation run #2 shows the unfavorable 
effect of having no DHW coil inside the storage tank. Simulation runs #3, 

#4, and #5 show only a modest gain in total solar contribution for large 
changes in all parameters except collector area. These results indicate 
the need for more collector modules for solar energy to provide a reasonable 
portion of the house total energy load. 

Simulation runs #6, #<, and if8 show the effect of increasing collector area 
from 504 sq. ft. (28 modules) to 594 sq. ft. (33 modules) to 648 sq. ft. (36 
modules). The benefit is reflected mainly by the improvement in solar space 
heating contribution, and this is shown in Figure 2. Although the results 
indicate an advantage of having 648 sq. ft. of collector area, site space 
limitations dictated that a maximum of 33 collector modules can be installed. 

Due to the space limitation imposed on the collector surface area, additional 
solar benefits were sought elsewhere. Simulation runs #9, #10, and #11 show 
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TABLE 2. WM. 0» BRIEN SITE TRADE-STUDIES SUMMARY 
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Eff. 
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W) 

DHW 
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.6 
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39.0 
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Results with energy conservation modincaliofu atkied to site and new DHW coil in storage tank. 
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PERCENT SPACE HEATING CONTRIBUTION 



COLLECTOR MODULES 


FIGURE 2. EFFECT OF COLLECTOR AREA (MODULES) 
ON SPACE HEATING CONTRIBUTION. 
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the gain in solar contribution by increasing the storage tank size to 1000 gallons 
capacity and decreasing the storage setpoint temperature for space heating 
from storage. Based on these results, a 1000- gallon storage tank size has been 
selected for the solar heating system. The solar gain here is due to the large 
munber of hours spent in the heating-from-storage mode, and therefore, a 
larger storage tank size is beneficial. 

The improvements in solar contribution due to a decrease in storage setpoint 
temperature are given in Table 3. Tables 4 and 5 summarize the yearly power 
expenditures for the heating site as a function of storage tank setpoint temperature. 

By going to a 90°F setpoint temperature, an additional 0. 9 MBTU of energy 
are gained. This would amount to approxir.iately$2 in fuel value. However, 
an additional 106 KW-HR of electricity are expended at a cost of approximately 
$4.50. Therefore, no economic advantage is gained in reducing the setpoint. 

Based on simulation results and power consumption estimates for the solar 
heating system, the following design conditions are recommended for solar 
system components: 

• Collector area of 594 sq. ft. 

• Storage tank size of 1000 gallons 

• Storage tank setpoint temperature of 100°F 

• Collector-side heat exchanger effectiveness of approximately 0. 6. 

• Collector loop flow rate of 12 gpm. 
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TABLE 3. EFFECT OF STORAGE SETPOINT TEMPERATURE ON 
THE PERFORMANCE OF SOLAR HEATING SYSTEM 



Storage Space DHW Solar Contribution 


Setpoint 
Temp. (®F) 

Htg. Load 
(MBTU) 

Load 

(MBTU) 

Space Htg. 
(MBTU) 

DHW 

(MBTU) 

Total 

(MBTU) 

Improvement 

(MBTU) 

100 

7B.6 

22.2 

35.1 

16.5 

51.6 

«• m 

95 - 

78.6 

22.2 

35.9 

16.2 

52.1 

.5 

90 

78.6 

22.2 

36.6 

15.9 

52,5 

.9 


TABLE 4. WM. O' BRIEN SITE POWER EXPENDITURES FOR 
DIFFERENT MODE S OF OPERATION 

100°F 95°F 90°F 


Mode Operation 

KW/Mode 

Hours 

KW-HRS 

Hours 

KW-HRS 

Hours 

KW-HRS 

1 Idle 

.048 

5630 

271 

5564 

268 

5492 

264 

2 Direct Heating 

.956 

254 

243 

254 

243 

253 

243 

3 Htg From Storage 

.726 

699 

508 

784 

570 

892 

648 

4 Charge Storage 

.486 

925 

450 

928 

451 

928 

451 

5 Purge 

.482 

723 

349 

721 

348 

712 

344 

8 Aux. Heating 

.518 

478 

248 

459 

238 

433 

225 




table 5. WM. O' BRIEN SITE YEARLY ENERGY 

SUMMARY 


Storage 
Setpoint 
Temp. (°F) 

System Power 
Consumption 
(KW-HRS) 

Net Solar 
Contribution 
(MBTU) 

Power Consump. 
Difference 
(KW-HR) 

100 

2069 

51.6 

. • 

95 

2118 

52. 1 

49 

90 

2175 

52.5 

106 




D. HEATING SYSTEM COMPONENT SELECTION 


The following tradeoff considerations analyzed for the important parts of the 
heating system are discussed: 

• Domestic hot water heating coil 

• Hot water heater 

• Auxiliary furnace 

• Pumps 

• Insulation 

• Heat transfer fluids 

DHW Solar Heating Coil 

A tradeoff comparison was made between using plain copper tubing and 
integral low-finned copper tubing as the preheat coil in the storage tank. As a 
result of the study, a Wolverine 60-196042-01 integral low-finned copper coil 
33 ft. long was recommended, A recent analysis showed an advantage in using 
a higher-finned coil. Wolverine 66-116038-01. With the latter coil, the same 
heating benefit can be obtained with a 5 ft. shorter coil. This would result 
in saving both material and manufacturing costs and would require less space 
in the storage tank. 

A 33 foot long Wolverine Type W/H, 66-116038-01, coil is recommended for 
use in the storage tank. The same length is specified as the previous coil, 
and therefore, the design condition has been improved. For a 160°F storage 
tank water temperature and 50®F tap water, the improvement is from 125°F 
coil outlet temperature to 133°F. This design point change is due to the fact 
that the only benefit from the system during late spring, summer, and early 
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fall months Is hot water heating. Therefore, the change was made to provide all 
hot water needs during the non-heating season portion of the year. Figures 3 
and 4 show the performance improvement of the new coil. 

Conventional Hot Water Heater 

The hot water demand for the Wm. O'Brien site was obtained from an 
averaging procedure using the results presented in Figure 5. The daily 
hot water consumption was approximated at 20 gallons per person. The total 
demand became 80 gallons of hot water required daily for the site. To meet 
this requirement, a 40-gallon capacity hot water heater was specified for 
the Wm. O'Brien site. 

Auxiliary Furnace 

Based on simulation results for the year 1958, the peak heating load occurred 
on February 12 and was 46, 000 BTUH. The minimum temperature was -12°F, 
this is above the -19^F design day temperature specified for Minnesota. Gas 
furnace sizes with 50, 000 BTUH and 65, 600 BTUH bonnet output were available 
from the Lennox Gll series. The model with the larger heating capacity was 
selected so that heating demands would be met for all heating seasons 
encountered at the site. 

From previous analyses, an air volume of 1000 cfm for space heating purposes 
was determined. To pass this air volume through the furnace and solar coil, 
and existing ducting in the residence, a blower speed setting of "medium high" 
is used. This will leave approximately 0. 3 in. of water external static 
pressure to overcome ducting flow resistance. 
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FIGURE 3. HEATING COIL PERFORMANCE 



FIGURE 4. HEATING COIL PRESSURE PROP 
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GAL. /HR. PE^ PERSON 


1 23456789 10 11 12 1234 56789 10 11 12 
AM NOON PM 

HOUR OF DAY 

* RESIDENTIAL WATER HEATING: FUEL CONSERVATION. ECONOMICS, AND PUBLIC 
POLICY, PREPARED FOR THE NATIONAL SCIENCE FOUNDATION, RAND CORPORATION, 
R-1498 NSF, MAY 1974, JAMES J. MUTCH. 


FIGURE 5. SINGLE FAMILY RESIDENCE HOT WATER SCHEDULE 


1>16 


p" T ' • ^ 


1 


Pump Selection <| 

The three circulating pumps have been selected and sized for the SFR heating 
system (Wm. O'Brien site). The final decision was based on the following 
criteria: 

• U.S. manufacturer 

• Durability and reliability 

• Serviceability 

• Fluid chemical compatibility 

• Motor size and total efficiency 

• Cost 

• Availability of vendor information 

The final pump selections and estimated conditions of operation are summarized 
in Table 6. Other manufacturers that received primary consideration were 
American Marsh, Aurora, Burke, Carver, Grundfos, Paco, Taro, and 
Thrush. In the selection procedure, the main criteria were low cost, low 
horsepower units, and adequate performance. The other factors were 
satisfied by most manufacturers considered except Grundfos, which is not a 
U.S. manufacturer and the serviceability, durability, and reliability have 
not been detern.lned since the product is relatively new in the market* 


Table 6. SFR Heating Only System Pumps 


System 



Motor 


Flow 

Head 

Effc. 

Power 

Loop 

Manufacturer 

Series 

(Hp) 

RPM 

(gpm) 

(ft.) 

(%) 

(Hp) 

Collector 

B&G 

60-1 1/4 AA 

1/4 

1750 

12.3 

20 

35 

.178 

Direct Htg. 

B&G 

1" PR 

1/6 

1750 

7.5 

16 

20 

.152 

Storage 

Charging 

B&G 

1" PR 

1/6 

1750 

8. 

16 

20 

.162 
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Insulation Selection 


Results from earlier comparison studies favored the use of copper tubing 
over steel pipe in SFR buildings. Better workability and compatibility with 
water were major reasons for using copper tubing. Coupled with this was the 
type of insulation to use - flexible or fiberglass. Previcus material and 
installation cost analysis showed an economic advantage in using flexible type 
Insulation with piping sizes expected in SFR housing. Flexible insulation 
3/4 inch thick has been selected for all collector subsystem piping and for all 
heated in-house piping which connects solar system components to existing 
internal plumbing. With reference to Figure 6. the piping heat loss is only 
10 Btu/Hr per linear foot length for a 70°F temperature drop across the 
insulation. 

iln indication of energy leakage from the storage tank to the house is obtainable 
from Figure 7. For 3 inches of insulation, only 2 Btu/Hr per unit surface 
area passes to the surroundings. However, this is the maximum loss and 
occurs at the two ends and the midpoint ci**^umferential locations of the 
cylindrical tank. Elsewhere, losses are u.ach less since the storage tank 
is positioned in a rectangular housing with insulation filling in the void space. 

Heat Transfer Fluid Selection 

Numerous heat transfer agents with manufacturer supplied data have been 
investigated. The fluids consisted of aqueous glycol solutions, hydrocarbon 
oils, and silicone fluids. Some of the fluids were eliminated from consideration 
for use in the SFR solar heating systems prior to an evaluation of their 
performance. Excessive cost. Instability over a -30^F to 300^F range. 
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NEAT LOSS PCR SUNT 


TEMPERATUAE Dt'OP THROUGH INSULATION (DEG.F) 


FIGURE 8. HEAT LOSS AS FUNCTION OF TEMPERATURE 
DIFFERENCE FOR INSULATED COPPER TUBING 

INSULATION; URETHANE FOAM 



FIGURE 7. HEAT LOSS AS FUNCTION OF TEMPERATURE 
DIFFERENCE FOR INSULATED STORAGE TANK 
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fire hazard, lack of available physical property information, etc. were 
factors in the elimination process. 

An analysis to estimate the performance of the heat transfer fluid candidates 
was done. Water was used as a reference, and fluid performance relative to 
water was obtained. The descriptive parameter is defined as the ratio of the 
heat transferred to the fluid flow resistance. Performance analysis resulto 
for three general groups of fluids are summarized in Figures 8 and 9. 
Superiority is evident in performance of 50% aqueous glycol solutions (ethylene 
a nd propylene) in the operating temperature range for present daj SFR solar 
heating systems. 

In the same heat transfer hardware, neither of the physical conditions 
described by Figures 8 and 9 are strictly true by themselves. An equal 
amount of energy transfer is specified for both conditions. In Figure 8, the 
same flow rate is maintained while the average temperature change is 
adjusted to force equal energy transfer. Figure 9 describes the opposite 
condition. The real situation would exist somewhere within the two limiting 
cases. Each individual case only holds true if the heat exchange hardware is 
designed to force the criteria described by Figure 8 and Figure 9. Such a 
comparison would have to take into consideration heat exchanger modification 
c osts associated with each fluid. 

Based on fluid coiipatibility properties, safety, cost, expected performance, 
etc. , 50% aqueous ethylene flycol has been selected for u^e in the solar 
system at the Wm. O'Brien State Park residence. 
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RATIO RELATIVE TO WATER 




FIGURE 8. FLUID PERFORMANCE (HEAT TRANSFER/PRESSURE 
DROP) FOR EQUAL FLOW RATE AND HEAT TRANSFER IN 
TURBULENT FLOW 
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FIGURE 9. FLUID PERFORMANCE (HEAT TRANSFER /PRESSURE 
DROP) FOR EQUAL TEMPERATURE CHANGE AND HEAT 
TRANSFER IN TURBULENT FLOW 


1 
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E. ENERGY TRANSPORT MODULE 


Objective 

To reduce installation time, associated cost, and physical space required to 
interconnect residential solar hydronic subsystems, a majority of the Energy 
Transport Module (ETM) subsystem components have been modularized into a 
factory-built cabinet (see Appendix F). The resulting ETM, when incorporated 
properly into a solar heating system, will provide a consistent, flexible 
interface between subsystems in various residential applications. 

Design Goals 

The ETM was designed to achieve the best matrix and arrangement of components 
within a functional, compact cabinet. Of the system components. 30 percent 
are included within the ETM (see Table 7 and Figures 10 and 11). Tradeoffs 
have been made between component installation costs of on-site work against 
shop installation costs for the modules. The constraints analyzed included, 
but were not limited to. the following: 

General 

1) Accommodation of the constraints listed below will not adversely affect 
the function or efficiency of the Energy Transport Subsystem, 

2) The ETM must interface with various-sized residential solar heating 
systems. 

3) Requirements of the Residential Interim Performance Criteria (Jan, 1, 1973) 
must be met. 
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TABLE 7 SHOP INSTALLED COMPONENTS 


AMOUNT 

3 

1 

1 

1 

2 

1 

1 

3 

3 

1 

1 

1 

1 


COMPONENT 

Pumps 

Water-to-water heat exchanger 
Expansion tank 
Air separator 
Air vents 

Pressure relief valve 
Motorized, 2 -position valve 
Flow balancing valves 
Drain valves 
Strainer 

Solar Control Panel 
Low level indicator 
Relief catch basin 


i TOTAL = 23 Components with ETM (plus piping, fitting, wiring, 

and insulation) 
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FIGURE 10. ENERGY TRANSPORT MODULE 
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Shipping &. Installation 

4) ETM must possess sufficient structural strength to sustain (undamaged) 
transport to the Installation site. 

5) Weight to be consistent with residential installations requiring no more 
than two men to handle the module. 

6) Outside dimensions such that modules can be placed inside buildings without 
special entrance requirements. 

7) The number of plumbing and electrical installation connections are kept 
to a minimum and they must be readily accessible. 

Operation 

8) All serviceable components are field removable without disassembly of 
the other module components. 

9) Module internal temperatures are held to a level consistent with the 
service requirements of the equipment 

10) Noise levels are held to a reasonable level consistent with residential 
installations 

11) System can be leak checked and its operation checked prior to shipment. 
Design Tradeoffs 

The final ETM design evolved after investigating some fifteen component 
arrangements and holding numerous design review meetings with solar system 
engineers, plumbers, and mechanical/ cabinet designers. It was determined 
that horizontally- mounted pumps and heat exchangers provided optimum 
performance and ease of mounting. With cabinet size being critical, a 
diaphragm expansion tank is preferred over a standard air cushion expansion 
tank since it can be physically smaller while providing the same function. Also 
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a diaphragm-type tank eliminates the expansion tank "water logging" problem. 
Ease of installing the ETM on site and its adaptability into various system 
layouts were studied; the preferred cabinet design was one with all external 
connections through the same area of the cabinet top. 


These component and installation criteria, a continuous effort to avoid air 
entrapment in plumbing lines, and attention paid to the previously mentioned 
design goals were considered during investigation of various ETM component 
orientations and plumbing arrangements. Finally, using the resulting basic 
ETM design, cabinet compactness was traded off against accessibility to, 
and function of, its components. 

To determine the best insulating technique, foams, batting, individually 
insulated piping, and loose fill insulation were investigated. Fire, toxicity, 
and difficult removal are foam characteristics that excluded its use for the 
small quantity of demonstration modules, though some special types of foam 
have potential in large quantity application. Use of batting and individually 
insulating piping requires a considerable amount of labor time. Final 
selection was the use of loose wool aiid some standard piping insulation. 

Final Energy Transport Module Design 

•Characteristics of the ETM design, based on the above tradeoffs and goals, 
are described below; 


General 


1 

& 2) The ETM will provide a functional, efficient interface subsystem for the 
two systems designed in this program and also for a majority of other 
residential solar heating applications. 
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3) The fifty-seven Interim Performance Criteria requirements for oolar 
Energy Transport subsystems, which directly affect the ETM, have been 
analyzed and are met. Some requirements are discussed in this study; 
others (such as thermal expansion of fluids and piping, relief valves and 
vents, fire standards, and component design lifetimes) are discussed in 
the verification report. 

Shipping and Installation 

4) The cabinet will be fabricated with 12-gauge formed steel cornex’ framing 
with welded joints and lighter-weight removable panels. The cabinet has 
been designed to withstand shipping loads (in its operational orientation) 
and handling during installation (cabinet will be handled using the side 
opposite the solar control box as the base). 

5) ETM shipping and installation weight is about 200 pounds for components 
and about 150 pounds for the cabinet, or 350 pounds total. 

6) The ETM external dimensions are: 28 inches wide, 32 inches high, and 
45 inches long (this 45 inches would be along the wall in a usual installation). 
In its nandling orientation, it can be placed on a dolly, resulting in ample 
clearance between doorways anu the 28-inch-wide cabinet. 

7) The basic installation procedure consists of setting the ETM in place and 
connecting the plumbing and external control wiring to it from the other 

I subsystems. (The ETM is internally pre-wired. ) The above actions and 

all others required for system startup are performed external to the 
cabinet or Inside the cabinet through one of the removable access panels. 

Operation 

8) Serviceable components, both hydronic and electrical, have been made 
readily accessible due to internal plumbing arrangement, cabinet design 
(note that the Solar Control Box is externally mounted with its hinged door 
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exposed), insulation techniques, and removable access panels. The 
extent of access can also accommodate nonroutine work, such as on-site 
installation of Site Data Acquisition sensors or the repair /removal of a 
plumbing segment or component. Space adjacent to electric motors, 
removable union-type fittings for each pump, and components with 
replaceable elements allow for required servicing. 

9) The insulation technique selected for the ETM was based on the following 
criteria, which must be simultaneously satisfied: 

a) An allowable upper temperature limit (110-12 5°F) for interior ambient 
air surrounding electric motors. 

b) Cabinet exterior temperature less than 140°F. 

c) Compared to the overall house cooling load, the uncontrolled heat loss 
from the ETM must be minimal during summer months. 

d) System efficiency due to ETM heat loss should be negligible. 

To accomplish the above, component arrangement was such that those 
requiring insulation and minimal servicing (such as the heat exchanger 
and long pipe runs) would be separated from those requiring free-flow, 
low-temperature ambient air and some servicing (such as pump and diverting 
valve motors). The heat exchanger and majority of long pipe runs were 
located in the upper portion of the cabinet. A 44-inch by 28-inch steel 
divider secured under the heat exchanger totally encloses this upper 
portion, which is then filled with loose insulation. The air temperature 
in the lower portion is kept below the design maximum by insulating 
straight pipe runs, providing louvers in the side panels, and allowint' 
natural convection and air movement caused by pump motors to vent out 
any excess heat. Additionally, with this insulation technique, the criterion 
of 140°F cabinet temperature, overall system efficiency, and negligible 
uncontrolled heat loss from the ETM were satisfied. 
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10) The noise level produced by the ETM in operation is low. due; to: 

a) Pump selection (noise -pertinent criteria was a welI-dosigii<cd, quiet 
operating, 1750 rpm, elastically— .oupled pump and motor), 

b) Design flow rate maintains three (3) feet per second flow through 
plumbing, which is less than ASHRi\E's recommended rate of 4 feet 
per second. 

c) Water hammer within module is minimized by use of a slow-operating 
diverting-type motorized valve, 

11) All modules will be tested for leaks, functional and potential shipping 

problems. Suitable draining and filling procedures are developed, and 

operation and installation procedures are delineated. 

Heat Exchanger Analysis 

The method used to determine the overall heat exchanger dimensions and 
design parameters is primarily the method of Kays and London. The following 
general assumptions are made in the calculations: 

• The heat exchanger is considered adiabatic 

• Fluid flow is steady with constant properties 

• The overall heat conductance is considered to be constant for given 
conditions. 

e A counterflow configuration is used 

e The process requirements at design conditions are determined by the 
solar system predicted performance. 

Physical Description 

The geometrical and physical characteristics of the heat exchanger are shown 
in SK-140184 (Appendix F). The heated fluid flows in the spirally formed colls 
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completely Immersed In the heating nuld on the shell side. Heat transfer 
Intensification of the copper tubing (type M) Is produced by additional generation 
of turbulence on the Inner and outer surface of the tube. Basically, two types 
of enhanced surfaces are considered: 

• Circular smooth tube with bUateral heat transfer intensification. 

This corrugating style Is a single-start helical shape performed 
without decreasing the wall thickness or increasing the outside 
diameter of the tube. 

• Spirally fluted tubing that increases the radial velocity components. 

The associated radial mass flow increases the internal fUm coefficient. 

Performance Predictions 

Based on solar system output, the following design conditions were selected 
for the heat exchanger performance requirements; 

• Collector fluid temperature drop of 10°F 

• Collector fluid flow rate of 12 gpm. 

Thus the total heat transfer through the heat exchanger amounts to 55,000 
Btu/Hr. With a heated fluid flow rate of 8 gpm at 120°F and a collector outlet 
temperature of 140°F. the heat exchanger effectiveness Is expected to be 
approximately 0. 70. This reduces to a predicted overall heat transfer 
coefficient (U.M of 7000 Btu/Hr °T resulting from the individual heal transfer 
coefficients. Pressure drop correlations based on manufacturers data show 
an increase of 2. 4 times the pressure drop for an equivalent plain tube heat 

exchanger. But the overall pressure drop on the collector fluid is expected 
to be maintained close to 4. 0 psi. 
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2. 0 VERFICATION STATUS SUMMARY 
SINGLE FAMILY HEATING 


A. GENERAL 

Heating system design and development verification is the process of 
proving that the components and the system meet applicable physical 
and functional requirements as set forth In the Interim Performance 
Criteria (ref. Section II of the contract Statement of Work) and the 
System Performance Specification, 

This document summarizes the present status of verification for a 
single family heating system. 

Attached to this summary report are verification matrices for each of the 
functional subsystems in the heating system. Each matrix relates 
applicable subsy'Jtem and system performance requirements (interim 
criteria) to selected verification methods. Each Interim performance 
criteria paragraph in the matrix has been or is to be verified by 
similarity, analysis, test or inspection. In the development and quallfi- 
cation phases all verification is by similarity, analysis or test. In 
the acceptance phase all verification Is by inspection or test. 

B. MATRICES 

On the attached matricis the method of verification is indicated by the 
following code: 

1, * similarity 

2. » analysis 

3. 3 inspection 

4, = test 

The present status of each verification item is indicated by a code as 
follows: 

C = complete 
I = incomplete 
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lTEM«4AMeaPART NO.} 

Collector Subsystem 


ATTACHMENT 

* r*»«* 

VERIFICATSON CROSS 
RFFEREKCE MAfRIX 


P«g< 1 of S 
WES 1.2. 2.1.1 


wBoicirATioMMSTMon- ^-sLUAsin.. »■ wf^tnaa- w/A,i:flT/,y»yju— 

VERIFICATION MITHOO. a. a TK.gr 


PERFORMANCE 

REOUIREMENT 


VERIFICATION PHASE 


« i f 

etVIiOMMIfr |QUALI>ICAr:ON* ACCirTANCf I 



IPC 1.3.1 
Efficiency 

4-C 

1-C 

3, 4 
-I 


IPC 2.1.2 

Noise or Erosion-Co 
rosion Analyslze 

Fluid Velocity 
1 

2-C 

2-C 

3-1 


IPC 2.1.3 

Operating Condittons 
(PAT) Check Againi 
ASHRAE Code 

2-C 

2-C 

3"I 


IPC 2.1.4 

Fluid Flow in Collec- 
tors Check Manifold- 
ing. 

2-C 

2-C 

3*1 


IPC 2.2.5 
Thermal Changes 
Check Thermal 
Stresses 

2-C 

2-C 

3-1 

4 

1 

i 

IPC 3.1.1 

Applicable Standards 
HUD MPS A ANSI 
Structural STDS 

2-C 

2-C 

3-1 


IPC 3^2,1 

Ultimate Load Com- 
binations Stress Anal 
ysis 

2-C 

2-C 

3-1 


IPC 3.2,2 

>ce Loads Stress 

Analysis 

2-C 

2-C 

3-1 

4 

• « 



ITEM (NAME & PART NO.) 
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Collector Subsystem 

VERIFICATION METHOD: j 


VERIFICATION CROSS wbs i 2 2 i i 
REFERENCE MATRIX 



PERFORMANCE I 


REQUIREMENT 

OlVIlOmiffT j|QUAl.iriCATtON j ACCirrAMCt 

IPC 3.3.1 

Resistance to Damagt 
Service Life Analysis 

2-1 

2-1 

4 

3-1 

IPC 3 . 3 . 2 

Glasing Design MPS 
& ANSI A119.1 
Compliance 

2-C 

2-C 

3-1 

IPC 3.4.1 
Deflection Limita- 
tions 

2-C 

2-C 

3-1 

IPC 3.8.1 

Foundation Settlemen 

2-1 

2-1 

3-1 

IPC 3.9.1 
Design Provisions 
Effects of Ponding 

2-C 

2-C 

3-1 

IPC 5.1.4 
Dirt Retention 

1-C 

1-C 

3-1 

IPC 5.1.5 
Abrasive Wear 

1-C 

1-C 

3-1 

IPC 5.1.6 
Fluttering by Wind 

1-C 

1-C 

3-1 

IPC 5.2.3 
Thermal Cycling 
Stresses 

1-C 

l-C 

3-1 

IPC 5.2.4 
Leakage 

1-C 

1-C 

3-1 

IPC5.2.5 
Deterioration of 
Gaskets and Seals 

1-C 

1-C 

3-1 


REMARKS 
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ITEM (NAME «. PART NO.» VERIFICATIOM CROSS WBS 1.2. 2. 1.1 

Collector Subavstem REFERENCE MATRIX 


1. :\iTY a. m/a I'Of I 

VERIFICATION METHOD: 


4.x:i 


PERFORMANCE 1 

VERIFICATION PHASE 

fieaiABcra 

REQUIREMENT | 

• 

OlVILOmiNT jlQUALiriCATtON' 

ACCSTTAMCI 


IPC 5.3.1 

Metals /Transfer Flui 
Compatability 

1 1*C 

1-C 

3-1 

■ 

IPC 5.3.2 

Corrosion of Oissimi 
lar Metals 

2-C 

2-C 

3-1 


IPC 5.3.3 

Corrosion by Leach- 
able Substances 

2-C 

1-C 

l-C 

3-1 


IPC 5.3.4 

Effects of Decompos- 
ition Products 

2-C 

3-1 


IPC U.2.1 

Chemical Corrosion 
Effect on Building 

2-1 

l-I 

3-1 


IPC 11.2.2 
Heat and Moisture 
Effect on Building 

2-1 

2-1 

3-1 

1 

IPC 11.3.1 
Material Compati- 
bility-Connectors 

2-1 

2-1 

3-1 


IPC 6.1.1 

Access for Subsystem 
Maintenance 

1-C 

2-C 

3-1 


IPC 6.1.2 

Access for Subsystem 
Monitoring 

1-C 

2-C 

3-1 

• 

IPC 6.2.1 

Install. Ins tructions 

l-I 

2-1 

3-1 



r 

L 
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i ITEM (MAME & t»ART NO.I 




VERIFICATION CROSS 



PERFORMANCE 

REQUIREMENT 


IPC 6.2.2 

Maintenance & Oper- 
ation Instructions 

IPC 6.2.3 
Maintenance Plan 

IPC 6.2.4 
Heplacement Parts 
and I'ools 


VERIFICATION PHASE 

OtVILOmiNT QUALIFICATION ACCmANCI 

1“I 2-1 3-1 

l-I 2-1 3-1 

l-I 2-1 3-1 


REMAR KO 
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ITEM (MAME Ci PART NO.I 

Collector Qual. Tests 


VERIFICATION CROSS 
REFERE^;CE MATRIX 


Page 
wns 1.2. 3 . 1 


IPC 3.1.2 
Service Loads 

irC 3.7.1 

Hail Size and Loading 

t 

IPC 5.1.1 
Solar Degradation 

IPC 5.1.3 

Airborne Pollutants 
IPC 5.2.1 

Thermal Degradation 



IPC 5.2.6 

Transmission Losses 
Due to Out Gassing 
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ITEM (UAME & PART KO.) 

Storage Subsystem 


VERIFICATION METHOD: 


PERFORMANCE 

REQUIREMENT 


IPC 1.4.1 

Storage Capacity K 
Hate 

fl’t' i.r».i 
ll«;al IjOss 

Il'C 2.1.3 

^Jpet-aling Conditions 
Il'C 2,1.6 

Tliernial I'ixpansion 

IPC 2.2.4 
Vacuum Kelief 

[1K: 2.2.5 
'I'liermal Changes 

Il’C 2.2.6 
I' lexihle Joints 

(I C 2.3.1 

I’ressure/Leak Test 

Il’C 2.6.3 
I'Juid 'I’realment 

M’C; 2. H. I 

Helief Valves Vent, 

irc 4.1.1 
I’lumiung Codes ^ 
Standards 

IPC 4,3.1 
I'Tre Standards 
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VERIFICATION CROSS wbsi.2.2.i.2 

reference matrix 


a. iM .v-iijric.i 

4 . 


VERIFICATION PHASE 


OlVILOMlirT 4 QUALIFICATION • ACCIVTANei 



1-C- 

3-1 

1-C 

3-1 

1-C 

3-1 

1-C 

3-1 

1-C 

3-1 

1-C 

3-1 

1-C 

3-1 1 

1-C 

3-1 

1-C 

3-1 

1-C 

3-1 

1-C 

3-1 

1-C 

3-1 
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ITEM INAME ft PART NO.) 
Storage Subsystem 

VERIFICATIOM CROSS WBS12212 
REFERENCE MATRIX ! 

VERIFICATION METHOD: 


PERFORMANCE 

VERIFICATION PHASE 

REMARKS 1 

REQUIREMENT 

OlVILORMlirr ioUALiriCATiON^ 

' i 

i 

ACCITTAIWI 1 






IPC 4.7.1 
Heat Protection 

1-C 

1-C 

3-1 


IPC 6.1.1 

Access for Malnten- 

1-C 

1-C 

3-1 


ance 





IPC 6.1.2 

Access for Monitor- 
lAg 

1-C 

1-C 

3-1 


IPC 6.1.3 
Draining & Filling 

1-C 

1-C 

3-1 

^ 1 

1 

IPC 6.1.4 
Flushing of Liquids 

1-C 

1-C 

3-1 

1 

? 

If 

IPC. 6.2.1 

Install. Instructions 

1-C 

2-C 

3-1 

s 

IPC 6.2.2 

Operation Instructionj 

1-C 

2-C 

3-1 


IPC 6.2.3 
Maintenance Plan 

1-C 

2-C 

3-1 


IPC 6.2.4 
Replacement Parts 

1-C 

2-C 

3-1 


IPC 6.3.1 

Ease of Maintenance 

1-C 

2-C 

3-1 

1 
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ITEM (NAME tk PART NO.) 
Heating Subsj^tem 


VERIFICATION METHOD: 


VERIFICATION CROSS 
REFERENCE MATRIX wbsi.2.2.i.s 


nmfTOTTj 


nm3C5fP5C!i 


PERFORMANCE 

REQUIREMENT 


VERIFICATION PHASE 


OlVIlOMItrr || QUALIFICATION « ACCarTANCI i 


REMARKS 


IPC l.l.l 
Heating Design Temps . l-I 

IPC 2.1.1 

Equip. Capabilities 4-1 

IPC 2,2,5 

Thermal Changes 1“I 

IPC 2.2.6 
Flexible Joints 

IPC 2.3.1 , 

Pressure Test I 

IPC 2,6.1 
Liquid Quality 

IPC 2.6.3 
Fluid Treatment 

IPC 2.6.4 

Freezing Protection 
IPC 2.7.1 

Appl. Plumbing Stds 

IPC 4.1.1 
Plumbing Codes & 

Stds 

IPC 4.1.2 

Elect. Codes & Stds 


'Vans. Fluid Cprpl-I 


l-I 

3-1 

2-1 

3-1 

l-I 

l-I 

l-I 

3-1 

l-I 

3-1 

l-I 

3-1 

l-I 

3-1 

l-I 

3-1 j 

l-I 

3-1 

l-I 

3-1 

l-I 

3-1 

l-I 

3-1 

l-I 

3-1 
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ITEM (NAMEfti*ART NO.) 
Heating Subsystem 


VERIFICATION METHOD: 


VERIFICATION CROSS 
REFERENCE MATRIX 




WBSl.2.2.1.3 


nnvsinipsni 


PERFORMANCE 

REQUIREMENT 


VERIFICATION PHASE 


OIVILORMIWT jiaUAUI>ieAT!ON<i ACCXrrANCI i 


IPC 6.2.1 
Inst. Instr. 

IPC 6. 2.2 
M/D Manual 

IPC 6, 2.3 
Maintenance Plan 


IPC 6.2.4 
Replacenent Parts 

IPC 6.3.1 
Maintenance of H 
Systems 
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VERIFICATION METHOD: , 


nsrcBTr] 


nrrisinipsni 


PERFORMANCE 

REQUIREMENT 


IPC 1.8.1 
Design Loads 

IPC a l.l 

Equipment Capabili- 
ties 


VERIFICATION PHASE 


oiviLomiwr Iouau>ication| acciftanci 
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PERFORMANCE L , H 

REQUIREMENT I otviiomiNT iiouAURiCAriONJ AecirTAMci » 


REMARK! 



01 IGINAL page B 

01 POOR QUALlTT 


ITEM (NAME & FART NO.I 
Hot Water Subsystem 


VERIFICATION CROSS 
REFERENCE MATRIX 




WBS 1.2. 2. 1.5 


VERIFICATION METHOD: 








PERFORMANCE 

REQUIREMENT 


IPC 2,2,1 
Vibration Stress 
Levels 

IPC 2.2.3 
Water Hamma: 

IPC 2.3,1 

I^ressure Test; Non 
potable Fluids 

IPC 2.3.2 
Pressure Test: 
Potable 

IPC 2.5,1 
Shutdown irt Multi- 
Family Housing 

IPC 2.6.1 
Liquid Quality 

IPC 2. 8.1 

Relief Valves & Vent 

IPC 4.2,1 
System Failure 
Prevention 

IPC 4,2.2 

Auto. Pres. Relief 

Valves 

IPC 4.6.1 
Contamination by 
Materials 
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Wi r>.it Page 3 of 4 


ITEM (NAME A PART NO.) 
Hot Water Subayatem 

VERIFICATION CROSS 
_ REFERENCE MATRIX 

WBSl.2.2.1.5 

VERIFICATION METHOD: 

HDVnBUSSITniiHiHnR! 


1. 4 T-'T 

f 

PERFORMANCE 

1 VERIFICATION PHASE 

i 1 

REMARKS 1 

1 

REOUIREMENT 

1 oivtiORwiifr 

•ou*iii)iCArioN* AccfrrAwei 

IPC 4.6.2 

Separation of Circu- 
lation Loopa 

1-C 

% 

1-C 

3-1 

1 

IPC 4.6.3 

Backflow Prevention 

l-C 

l-C 

3-1 


IPC 4.7.1 
Protection from 
Heated Components 

1-C 

1-C 

( 

3-1 ^ 

RIGINAL PAGE IS 
F POOR QUALITY 

IPC 5.2.3 
Thermal Cycling 
Stresses 

1-C 

1-C 

3-1 

1 

t 

1 

IPC 5.2.4 
Leakage 

1-C 

1-C 

3-1 

■? 

ij 

IPC 5.2.5 
Deterioration d 
Gaskets & Sealants 

1-C 

1-C 

3-1 

f! 

1 

IPC 5.3.1 

Materials /Transfer 
Fluid Compatibility 

l-C 

1-C 

3-1 


IPC 5.3. 2 
Corrosion of Dis- 
similar Materials 

1-C 

l-C 

3-1 


IPC 5.4.1 
Wear and Fatigue 
(Watts Valve) 

1-C 

1-C 

3-1 


IPC 6.1.1 
Acc<»£;8ibility for 
Maint. & Service 

l-C 

l-C 

3-1 
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3-1 



oi-yw* 


ITEM (NAME & PART NO.) 
Hot Water Subsystem 



V.1L." ^ ' 

verification METHOD; ^ 


I VERIFICATION PHASE | 

PERFORMANCE I — ^ 

REQUIREMENT | Qivi^onMaNT .ouAUfiCAtioN* *eciPTA*»ct < 


IPC 6.1.3 

Draining & Filling of 
Liquids 

IPC 6.1.4 
Flushing of Liquid 
System 

IPC 6.1.6 

Potable Water Shut- 
off 

IPC 6.2,1 

Instair. Instructions 

IPC 6.2.2 
Oper, Instructions 

IPC 6.2.3 
Maint. Plan 

IPC 6.2,4 
Replacement Parts 

IPC 6.3.2 
Maim, of DHW 
System 





iTe««WAMi*t>AiiTN04 VERIFICATIOM CROSS 

Energy Trnnnport Subsyetem iMATR IX 1 . 2. 2. 1 . 6 


VeRIFICATIOf4 MtTNOO: 


RtRFORMANCI 

REQUIREMENT 


IPC 1.1.5 

Operational Impair* 
ment (H, H, C) 

IPC 1.2.4 

Operational Impair- 
ment (DHW) 

IPC 1.5.1 
Ileat or Humidity 
Transfer Kffects 

IPC 1.6.1 

Thermal Losses A 
Electrical Power 

IPC 2.1.1 

Equip. Capabilities 

IPC 2.1.2 
Noise or Erosion 
Corrosion 

IPC 2.1.6 

Thermal Expansion 
of Fluids 

IPC 2.1.7 
Pressure Drops 

IPC 2.1.3 

Operating Conditions 

IPC 2.1.5 
Entrapped Air 

IPC 2 2.1 
Vibrating Stress 











»fci :n'?t 

i ITEM (NAME ft PART NO.) 


ITEM (HAME.TAH. «u.i VERIFICATION CROSS 

Energy Tr«..port REFERENCE MATR IX 


Page 2 of 6 

WBS 1.2. 2. 1.6 


VERIFICATION METHOD: 


PERFORMANCE 

REQUIREMENT 


IPC 2.2.3 
Water Ham mer 

IPC 2.2.4 
Vacuum Relief 
Protection 

IPC 2.2.5 
Tjhermal Changes 

IPC 2.2.6 
Flexible Joints 

IPC 2.2.2 
Vibration from 
Moving Parts 

IPC 2.3.1 

Pressure Test Non- 
potable Fluids 

IPC 2.6.1 
Liquid Quality 

IPC 2 . 6 . 3 
Fluid Treatment 

IPC 2. 6,4 

Freezing Protection 
IPC 2.7.1 

Applicable Plumbing 
Standards 

IPC 2.8, . 

Relief Valves & Vents 


^Provisions 


tWIKiUU'i 


VERIFICATION PHASE 


OIVtLOnHIMr ilOUAUPICATtON* accittanci i 


m 

3-1 

l-C 

3-1 

l-C 

3-1 

l-C 

3-1 

l-C 

3-1 1 

l-C 

3-1 1 

l-C 

3-1 

l-C 

3-1 

l-C 

3-1 

2-C 

3-1 

l-C 

3-1 

2-C 

_ - 

3-1 


REMARKS 



V01 • JJOf 


ITEM (NAME* PART NO.I VERIFICATION CROSS 
Energy Tr.n.portS^b^.^ REFERENCE MATRIX 


VERIFICATION METHOD: 


CTBIOIVfj 



Page 3 of 


WBS 1.2. 2.1. 6 


nm3jjjironi 


PERFORMANCE 

REQUIREMENT 


IPC 4.1.1 
Plumbing Codes & 
Standards 

IPC 4.2.2 

Automatic Pressure 
Relief Valves 

IPC 4.3.1 
Applicable Fire 
Standards 

IPC 4.3.2 

f 

Penetrations Thru 

Fire-Related 

Assemblies 

IPC 4.4.1 
Provision of Catch 
Basins 

IPC 4.4,2 
Detection of Toxic 
& Flammable Fluids 

IPC 4.5.1 

Emergency Egress &. 
Access 

IPC 4.5.2 
Identifications and 
Location of Controls 

IPC 4.6.1 
Contamination by 
Materials 


VERIFICATION PHASE 


oiviLomeiir iiouALiRiCAT'.ON* ACcirrANCi a 


REMARKS 



ORIGINAL PAGE IS 
OF POOR QUALITY 
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ITEM (NAME SWRTNO.I VERIFICATIOM CROSS 

Energy REFERENCE MATRIX 


Page 4 of 6 


WBS 1.2. 2.1. 6 


VERIFICATION METHOD: 


PERFORMANCE 

REQUIREMENT 


IPC 4.6.2 
Separation of 
Circulation Loops 

IPC 4,6.3 

Backflow Prevention 

IPC 4.7.1 
P.rotection from 
Heated Components 

IPC 5.1.2 
Soil Corrosion 

IPC 5.1.3 

Airborne Pollutants 
IPC 5.2,1 

Thermal Degradation 
IPC 5.2.2 

Deterioration of Heat 
Transfer. Fluids 

IPC 5.2.3 
Thermal Cycling 
Stresses 

IPC 5.2.4 
Leakage 

IPC 5,2.5 
Deterioration of 
Gaskets and Sealants 

IPC 5.3,1 

Materials /Transfer 
Fluid Compatibility 


wiiTO rr 





rforr.nt 


ITEM (NAME & PART NO.) 
Energy Transpor^ ^er 




em 


VERIFICATION CROSS 
REFERENCE MATRIX 


WBS 1.2. 2.1. 6 


VERIFICATION METHOD: 


a. iM -:C7IQ:< _ mm ffOT / >PLie/-)Ll H 

4.XiI \ 


PERFORMANCE 

REQUIREMENT 


VERIFICATION PHASE 


I 


oiviLomiwr iiQUALirieATioN^ ACCirrANci i 


IPC 5.3.2 
Corrosion of Dis- 
similar Materials 

IPC 5, 3.3 

Corrosion by Leach- 
d)le Substances 

IPC 5.4,1 
Wear & Fatigue 

IPC 6.1.1 

Access for System 
Maintenance 

IPC 6.1,2 

Access for System 

Monitoring 

IPC 6.1.3 
Draining & Filling 
of Liquids 

IPC 6.1.4 
Flushing of Liquid 
Subsystems 

IPC 6,1.6 

Potable Water Shutoff 
IPC 6.2.1 

Install. Instructions 
IPC 6,2. 2 

Maintenance & Oper- 
ation Instructions 

IPC 6.2.3 
Maintenance Plan 


1-C 


1-C 


1-C 


1-C 


1-C 


1-C 


1-C 


1-C 


1-C 


1-C 


REMARKS 


A 

4 

1 

1-C 

3-1 

1 

1-C 

3-1 

original b 

OF POOR 01 

1-C 

3-1 


1-C 

3-1 

f 

1 

1-C 

3-1 


1-C 

3-1 

* 1 
, I 

1-C 

3-1. 


i-C 

3-1 


l-C 

3-1 


l-C 

3-1 

• 

l-C 

3-1 

■ 


iGE IS 



l-C 
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ITEM IMAMEfii PART N0.» VERIFICATION CROSS 
Energy T ransport Subsy stem REFERENCE MATRIX WBS 1.2.2,1.15 






r 


M01 r/0« 


ITEM (NAME APART NO.) 
Control Subsystem 


VERIFICATIOM CROSS 
REFERENCE MATRIX 


IWIKWU ' J 


VERIFICATION METHOD: , “ 


VERIFICATION PHASE { 


OlVILOmiNT nOUALiriCATtON^ ACCmANCt ) 


Page 1 of 3 


WBS 1.2. 2.1. 7 


'!7roi3TR3IT 


PERFORMANCE 

REQUIREMENT 


REMARKE 


IPC 1.7.1 
Installation and 
Maintenance 

IPC 1. 7.2 
Manual Adjustment 

IPC 1. 7.3 

Ihhabited Space Tern; 
Control 

IPC 1.7.4 

Hot Water Temp. 

IPC 2.2.5 
Thermal Changes 

IPC 2.5.1 

Shutdown Multi Unit 

IPC 3.5.1 
Design Provisions 

IPC 4.1.2 
Electrical Codes 

IPC 4.2.1 
System Failure 
Prevention 

IPC 4.3.1 
Applicable Fire 
Standards ^ 

IPC 4.3.2 
Penetrations - Fire 
Rated Assemblies 
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ITEM (NAME APART NO.) 
Control Subsystem 

VERIFICATION CROSS 1 

REFERENCE MATRIX j 

VERIFICATION METHOD: 



a-j-’iuyaa t':t 

-- . i 

PERFORMANCE 1 

VERIFICATION PHASE | 

ABAJAAI#* 1 

REQUIREMENT | 

OIVtL&milfr jlQUAUriCATIOMl ACCmAMCI i 

HKWARRv j 


IPC 4,5.2 
Ident. and Location 

2-C 

2-C 

3-1 

j 

IPC 4.6.1 
Contamination by 
Materials 

1-C 

2-C 

3-1 


IPC 5,2.1 

T^hermal Degradation 

1-C 

2-C 

3-1 


IPC 5.2.3 
Thermal Cycling 
Stresses 

1-C 

2-C 

3-1 

• 

1 

IPC 5.2.5 
Deterioration of 
Gaskets and Sealants 

1-C 

2-C 

3-1 

1 

1 

\ 

IPC 5.3.1 

Materials /Transfer 
Fluid Compatibility 

1-C 

2-C 

3-1 


IPC 5.3.2 
Corrosion of Dis- 
similar Materials 

1-C 

2-C 

3-1 


IPC 5,4.1 
Wear and Fatigue 

1-C 

2-C 

3-1 


IPC 6.1 .1 
Access for Maint. 

1-C 

2-C 

3-1 


IPC 6.2.1 

Install. Instructions 

1-C 

2-C 

3-1 


IPC 6,2.2 

Maintenance and 
Operation Instructions 

1-C 

2-C 

3-1 

• • 
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/ 


»F01 nUt _ 

ITEM (NAME A PART NO.) 


Page 1 of 1 


VJERIFICATION CROSS 
REFERENCE MATRIX was 1 . 2 . 2 . 1.10 


VERIFICATION METHOD: 


i.jxjirLuu. 


HtA t’QT.>l>!>lJCA!lLi 


PERFORMANCE 

REQUIREMENT 


VERIFICATION PHASE 


OtVILOMIMT (tOUALIflCATiON^ ACCmANCI i 


REMARRE 


IPC 9.2.1. 

Loads 

IPC 9.2.2 

Penetration of Struct- 
ural Members 

IPC 9.3.1 

Structural Connections 

I 

IPC 9.3.3 

Strength 6 Stiffness 


1-1 

l-I 

l-I 

l-I 


2-1 

2-1 

2-1 

2-1 


3-1 

3-1 

3-1 

0-1 
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Pf01.r>?a 

' ITEM Vf AME Cl PART NO.) 
System Developisant and 
Verification 


VERIFICATION CROSS 


VERIFICATION METHOD: 



4X 

;i 

i 

PERFORMANCE 1 

VERIFICATION PHASE j 

ficsaamife I 

REQUIREMENT | 

e 

OtVILOmONT HOUALWICATIONI 

aeciPTAMcs < 

slCHMAflKV j 

IPC 1.1.1 

Heating Design Temp. 

N/A 

N/A 

3 

, 

IPC 1.1.3 

RH t Water Vapor 

Pressure 

N/A 

N/A 

3 


IPC 1.1.4 

Solar Contribution 

N/A 

N/A 

4 


IPC 1.1.5 

Operation Impairment 

N/A 

N/A 

3 


IPC 1.2.1 

Draw & Temperature 
Design 0/P (HH) 

N/A 

N/A 

3 

5 

1 

1 

IPC 1.2.3 

Solar Contribution 

N/A 

N/A 

4 

$ 

IPC 1.5.1 
Heat or Humidity 
Transfer Effects 

N/A 

N/A 

3 

1 

IPC 1.8.1 
Design Heat Loads 
(Aux. ) 

N/A 

N/A 

3 

I 

IPC 2.3.3 

Air Transport Systems 

N/A 

N/A 

3 ■ 


IPC 2.4.2 
Mutual Shadowing 

N/A 

N/A 

3 


IPC 2.6.2 
Air Quality 

N/A 

N/A 

3 


IPC 3.2.3 
Vehicular Loads 

N/A 

N/A 

3 

• 





« « 






w 




•fMT'A9 

ITEM aMMCA PART rJO.} 
Systam DavalopiRent and 
mUXifiAfcion - 


VERIFICATION METHOD: 


VERIFICATION CROSS 
REFERENCE MATRIX 


prvnxrrn 




KNFORMANCI VKIf ICATtOH >H*»t | 

UOUIRMeNT ■ 


IPC 3.5.1 
Design Provisions 

IPC 3.6.1 

Deflection Limitacions 
IPC 3.8.2 

Foundation Settlement I 

IPC 4.3.2 I 

Penetrations 

IPC 4.5.1 

Emergency Egress ( 
Access 

IPC 6.1.5 
Filters 

IPC 7.1 
DCS ign 

IPC 0.1 

Interference with 
Mech. Operation 

IPC 9.1 

structural Integrity 

IPC 10.1 
Safety 

IPC 11.1 

Durability and Relia> 
bility 

IPC 12.1 
Maintainability 
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3. 0 DRAWINGS AND HONEY WELL/GOVERKMENT 
FURNISHED EQUIPMENT UST 

Installation drawings of all single family heating subsystems are included 
in appendices A through F. Appendix A is entitled System Integration 
and serves asu top drawing for the subsystem designed by Honeywell; it 
lists the requirements for integration of the subsystems into the site 
and dwelling. 

The installation drav/ings included in appendices A through P delineate 
the material needed to install the Solar Heating System. Only part of the 
material shown on these drawings will be furnished by Honeywell for NASA. 

To assist the architect in prcp.iration of the request for bids, the list 
of Honey weil/Gove rnment furnished equipment was compiled. This list 
is shown in the following table. 


1-63 











4 


HONEYWELL*GOVERNMENT FURNISHED EQUIPMENT REF.: NAS8-32093 




TOP DWG. NO.: SK- UM57 
naTP ; June 27, 1977 


Single Family Residence 

REVISED! June 29. I 'TT 

SYSTEM: 

Solar Heatint? 

inrATIDN* Wm, O'Brien State Park, Lallv.atcr. n. 



SUBSYSTEM 

QUANTITY 

UNIT DESCRIPTION 

PART NO. 

MANUFACTURER 

Collector 

33 

Solar Collector 

LSC-18-1S 

Lennox Industries 



6 

Header Assembly 

SK-142064-2C 

Honeywell 



2 

Header Assembly 

SK-142064-1C 

Honeywell 



2 

Header Assembly 

SK-1420G4-1B 

Honeywell 



19 

Hose Assembly 

SK-142066 

Honeywell 



28 

3/8 npt Coupling 

4738-6-6 

sAeroquip 



38 

3/8 npt Coupling 

FF1162-0606B 

Aero quip 



1 

Purge Cooling Unit 

CBHW3-1 

Lennox Industries 



1 

Tank-Hot Water Storage 

SK 14200 

HoAeyuell 


Energy 

1 

Furnace-Gas 

G11Q3-82V 

Lennox Industries 


Speice Hfrat 

1 

Space Heat Coil 

CW3-45 

Lennox Industi its 


Dom( Stic Hot 

1 

Heater- Hot Water 

40-GK35C 

Loch invar 


Water 

1 

Valve-Mixing 

70 A - 3/4" 

Watts Req. 


Energy Transport 

1 

Module -Energy Transport 

SK- 142065 

Honeywell 



20 gal. 

Dowtherm SR-1 



Control 

1 

Aquastat 

L600BC1065 

Honeywell 



1 

Aquastat 

L4008B1013 

Honeywell 



1 

Thermostat 

T872C1004 

Honeywell 



1 

Sub Base 

Q672B1004 

Honeywell 


j 

1 

Valve 

V4331A1003 

Ho.neywell 


1 

i 

1 

1 

Sensor shield 

SK- 142067 

Honeywell 









5L:35YSTEH 


UNIT DESCRIPTION 


PART NO. 


MANUFACTURER 


Control 


Site Data Acqu 


Sensor 

Wells 

Case assembly 

Site Data Acq. Module 
Junction Box 
Sensor - Total Radiation 
Sensor - Outdoor Ambient 
Sensor-- Collect Inlet 
Sensor - Collector Diff. 
Sensor - HX Solar Inlet 
Sensor - HX Solar Diff. 
Sensor - HX Hot Water 
Sensor - HX Hot Water Diff. 
Sensor - Storage Tank Top 
Sensor - Storage Tank M 
Sensor - Storage Tank B 
Sensor - Domestic Cold 
Water 

Sensor - Solar DllW Preheat 
Sensor - Heating Coil lUV 
Sensor - Heating Coil Diff. 
Sensor - heating Coil .Air 
Sensor - Heating Coil Diff. 
Sensor - Collector Flow Rate 
Sensor - Storage Flow Rate 
Sensor - DHW I*To\v Hate 


C773B1005 

122555B 

112892r 


(1001) 

(TOOl) 

(TlOO) 

(TDlOl) 

(T102) 

(TD103) 

(T200) 

(TD201) 

(T202) 

(T203) 

(T204) 

(T300) 

(TD301) 

(T400) 

(TD401) 

(T600) 

(TD601) 

(VVlOO) 

(W200) 

(W300) 


Honeywell 

Honeywell 

Honeywell 











HONEYWELL-GOVERNMENT FURNISHED EQUIPMENT ref.! nass-jjmj 

TOP DWG. NO.; SK- U2057 
date : June 27, 1?77 


Single Family Residence 


REVISED:. 


SYSTEM;. 


Solar Tfeatint 


LOCAT I ON ' Wm. O'Brien State Park, Stillvr.i» i, ''I'-.n. 











SECTION 2 


2-i 



Sx STEM PERFORMANCE SPECIFICATIONS 

Honeywell 


ENERQV RESOURCES CENTER CODE IDENTIFICATION NO. SSSI3 
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SYSTEM PERFORMANCE SPECIFICATION 


Specification No 
Page Date 
Page 
Revised 


SFRH-1 

6 February^ 1976 


o! 

June 30. 1977 


SYSTEM IDENTIFICATION 

This section defines the performance and installation drawings for 
Residential Heating System, Honeywell Inc., System Model Number 
SFR-756H-1. 

SYSTEM PERFORMANCE SHEETS 
Site- 

The system shall be installed in a residence in the William O' Brien 
State Park, in the county of Washington, state of Minnesota. 

Heating Capacity - 

The system will provide solar energy for 45 7.of the average total heating 
1 2 

load during the heating season based on an average total heating load of 
6.6 X 10® BTU/Month^ and a peak heating load of 45, 220 BTU/hr. on 
February 16, 1958 (-12«F). 

Footnotes: 

1. Yearly heating (or cooling) load minus auxiliary supplied for heating 
(or cooling) divided by the yearly total heating (or cooling) load. 

2. Based on the number of months that have a heating (or cooling) load. 

3. Total yearly heating (or cooling) load divided by the number of months 
that have a heating (or cooling) load. 
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Auxiliary Energy - 

The average rate of auxiliary energy used for heating shall be no grea er 
than 6 1x10® BTU /Month of the total energy required for heating, including 
hot water. This shall be no greater than 6% of the total energy required 

5 

for heating. 


Footnotesj^^ge auxiliary energy is the total auxiliary for heating and 

hot water (or cooling) divided by the number of months that have auxiliary 
for heating and hot water (or cooling). 

5. Average monthly auxiliary energy divided by total yearly load for heating 
and hot water (or cooling). 
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SYSTEM PERFORMANCE SPECIFICATION 


Specification No. SFRH-1 
Page Date 6 February 1976 

Page 2 of 4 

Revised 30 June 1977 


Hot Water - 

40 gallons of potable (or usable) hot water shall be delivered at no less than 
3 gal/min at temperatures no less than 140^F. Recovery time shall be no 

0 

greater than . 75 hours . The average hot water heating load will be 1. 9 x 10 
BTU/ Month of which 26% is provided by auxiliary energy. 

Operating Requirements - 

The maximum electrical energy required to drive only the solar portion of the 
system at its rated capacity shall be no greater than .5 K. W. The maximum 
electrical energy required to drive the complete system shall be no greater 
than 1. 0 K. W. The average yearly electrical energy required to drive the 
system shall be no greater than 2200 K.W. H. 

Physical Data - Table III 

The following subsystems shall have: 


Expected life no Weight (filled) no Installation 



less than: 

greater than 

dimensions: 

Heating 

10 yrs. 

34 lbs. 

23" X 18" X 8" 

Cooling 

NA yrs. 

NA lbs. 

NA 

Auxiliary Energy 

10 yrs. 

194 lbs. 

49"x21 l/4"x22" 

Storage 

10 yrs. 

9500 lbs. 

64" xia.x72" Img 

Potable Water Preheat 

10 yrs. 

40 lbs. 

7 3/4" dia. x 30" long 

Potable Water 

10 yrs. 

475 lbs. 

20"dia. X 50 3/16" high 

Collector 

10 yrs. 

9.C ibs/ft^ 

3' X 6' X 6 1/2" ea. 

Energy Transport 

10 yrs. 

TBD 

NA 

Controls 

10 yrs. 

TBD 

NA 
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Specification No. SFRH-1 
Page Date 6 February 1976 

Page 4 of 4 

Revised 30 June 1977 


Performance Analysis Summary for William O'Brien State Park residence 
in Washington County* Minnesota. 


Load (10® Btu) Auxiliary (10® Btu) 


Month 

Heating 

Hot Water 

Heating 

Hot Water 

1 

13.8 

1.9 

10.0 

1.2 

2 

15. 1 

1.8 

8.3 

1.0 

3 

10.2 

2.1 

5.8 

0.8 

4 

4.9 

2.0 

0.8. 

0.4 

5 

1.8 

2.0 

0.0 

0.1 

6 

1.3 

1.9 

0.0 

0.0 

7 

0.4 

1.8 

0.0 

0.0 

8 

0.4 

1.7 

0.0 

0.0 

9 

1.2 

1.7 

0.0 

0.0 

10 

3.4 

1.7 

0.2 

0.2 

11 

8.4 

1.7 

4.3 

0.7 

12 

17.7 

1.9 

13.9 

1.3 

TOTAL 

78.6 

22.2 

43.4 

5.7 
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SYSTEM PERFORSAANCE SPECIFICATION 


• k 


\ 


Specification No. SFRH-1 
Page Date 6 February 1976 
Page 3 of 4 
Revised 30 June 1977 


INSTALLATION DRAWING SHEETS 

SK-1420S7 SINGLE FAMILY RESIDENCE 
SYSTEM INTEGRATION 

SUBSYSTEM DRAWING SCHEDULE 


SK -142 049 

Collector Subsystem 

SK-1420S0 

Storage Subsystem 

SK-142051 

Auxiliary Energy and Space 
Heating Subsystems 

SK -142 052 

Hot Water Subsystem 

SK-142053 

Energy Transport Subsystem 

SK-142054 

Control Sub^stem 

SK- 142 055 

Site Data Aquisition Subsystem 

SK-142056 

Electrical Sub^stem 
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SPECIAL HANDLING INSTALLATION AND MAINTENANCE TOOL UST 


1.0 Analysis 

An analysis of the subsystem installations was conducted to determine 
if special handling or installation tools are required for a single 
family heating solar system. 

A tool or piece of equipment is assumed to be special if a typical 
HVAC contractor does not have the tool or equipment or that he cannot 
obtain an infrequently used tool or equipment through local hire. 

To assure complete analysis, the matrix presented n Figure 1 was used. 
Those blocks marked in the matrix with a note represent items deemed 
unusual or questionable as to their status as standard equipment; each 
item I .s been investigated in more detail. The results of this further 
investigation and the availability of tools or equipment is presented in the 
notes following the matrix. 

2.0 Conclusions 

The conclusion of this analysis is that there are no special purpose 
tools or equipment required m a single family solar heating system. 

All tools or equipment required would be possessed by a typical HVAC 
contractor or be available through local hire. 


i-L 


% 



Figure 1. Special Tools and Handling Equipment Analysis 


3.0 Notes 


Note 1: 

Collector and storage tank installation will require a crane or lift 
truck. This is available for local hire in any location. 


Note 2: 

Pressure testing will require an air compressor, which is either in 
the inventory of an HVAC contractor or ia available on a daily rental 
basis. 


Note 3: 

Fluid InsUlUtion in the collector loop will require a rasitive displacement 
pump and fittings. This is standard IIVAC equipment used for filling 
bydronic heating qrstcms. 

Note 4: 

Measurements made during system balancing will require pressure gauges 
and differential pressure gauges. These gauges are the same as those used 
for hydronlc heating system balancing and should be in the possession of a 
typical HVAC contractor. 
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1.0 INTRODUCTION 


This spare parts list is submitted under Data Item 16 for the Single 
Family Residential Solar Heating System being installed in Wm O'Brien 
State Park, Stillwater, Minnesota. 

2.0 DEFINITIONS 

a) Spare parts are those repair parts NASA/MSFC should procure 
and have on hand in case of subsystem/component failure because 
the item is a "non-standard" device or "one of a kind" device and 
repair parts would probably not be available. 

b) Replacement parts are those repair parts that the component sup- 
plier could be expected to provide normally as HVAC industry 
standard practice. These replacement parts are normally avail- 
able for all standard/catalog items. 

3.0 BASIS 

This spare parts list was determined utilizing a support philosophy that 
relies upon the HVAC dealer/distributor/factory to provide replacement 
parts when required. Only in those subsystems/components where it is 
not a "standard" component will replacement parts be recommended as 
spare parts. 
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3.0 BASIS (continued) 

The screening criteria used, classified all componelns that were passive, 
i.e. pipes, tanks, heat exchangers, coils, cabinetry, etc. with"P." 

Only active (A) components were reviewed to determine if the item was 
"standard/ catalog" (std) or "special" (sp). Table 1 lists all the solar 
heating components and their classification and type. 

4.0 RECOMMENDATIONS 

There are no items recommended as spare parts for the SFR Solar 
Heating System at Wm. O' Brien State Park, Stillwater, Minnesota. 
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TABLE 1. SPARE PARTS LIST 

HONEYWELL FURNISHED EQUIPMENT - SPARES SELECTION ANALYSIS 


MNC..U: r s Mll-’i RtSlDENCi: 


SYiTKM; Sf> li r 




LOCATION: \Vm. O* Bri en State Park. Stillwater. Minn. 


si IJSVsT LM 

QL ANTITV 

LNIT DESCRIPTION 

PART NO 

MANL'PACrt'HER 

mm 

ISHI 



LOLLLCTOH 

n 


Solar Collecinr 

LSC*18-1S 

Lennox Industries 

n 





6 


Hcndcr Assembly 

SK-142064-2C 

Honeywell 






> 


Header Assembly 

SK-M2064-1C 

Honevwell 








Header Assembly 

SK-142064-1B 

Honeywell 






10 


Hose Assembly 

SK-142066 

Honeywell 








J/8 npt Coupling 

4738-6-6 

Aeroquip 








3/8 npt Coupling 

FF1162-0606B 

Aeroquip 



>10 



1 


Purge Cooling Unit 

CBHW 3-1 

Lennox Industries 


STD 

0 

STOR_\Gr 

1 


Tank-Hot Water Storage 

SK-14200 

Honeywell 

H 







includes Hot ater Coil 

SK-142008A 

Honeywell 





\l ^1LL^RV 
j:m:rg\ \M) 
''PACC HL \T 

1 


Furnace ^las 

G11Q3-B2V 

Lennox Industries 

n 

STD 

>10 

0 


1 


bp.i' e Heat Coil 

CW3-45 

Lennox Industries 





i)0\ii:sTic 
MCn W ATtR 

1 


Heater-Hot Water 

40-GK3aC 

Lochinvar 

n 





1 


\'alve-\hx:ng 

70A-3/4” 

Watts Req. 


STD 

>10 

0 

LNLKtA 
TR \^^PORT 

1 


Modulc-Energj- Transport 

SK-142065 

Honeywell 






1 


as Listed Below 
Pun.p 1 /4 hp 

Series 60-llS 

Bell and Gossett 

A 

STD 

>10 

0 


2 


Pumps 1/16 hp 

Scries PR-1 

Bell and Gossett 

A 

STD 

>10 

0 


1 


H«.-ut Exchanger 

SK-140184 

Honeywell 

P 





1 


T ank-Expansion 

Model 30 Extrol 

Amtrol 

P 





1 


Seperaior-Air 

Model 4Sl 

Amtrol 

p 





1 


\‘ont-\ir 

Model 690 

An-.trol 

P 





1 


\ alv*. -Air 

1/8" Radiator Air 

Hammond 






1 


Val . -Re iief 

Model 480-36 

Bell and Gossett 






1 


Vr.lve-Dual 

V4331-A1003 

Honeywell 


STD 

>10 

0 


1 


\alve -Balancing 

Model CB-1 1/4 

Bell and Gossett 






2 


Valve -Balancing 

Model CB-1 

Bell and Gossett 






1 


Valve-Lift Check 

Model BA-1 1/4 

Bv|] and Gossett 


STD 

>10 

0 


2 


Valve -Swing Check 

Model B-309 

Stockham 


STD 

>10 

0 




Valve -Dra in/ F’U 

Model 7111-1/2 

Hammond 

p 







Dr-* ;.i -Coupling 

701 -D-1 

Nibco 

p 





t 


Strainer-Pipebne 

style S-1 1/4 

Strong 

p 





1 


Switch-Low Pressure 

P/N 3815936 

General Motors 

A 

STD 

>10 

0 


1 


Panel - Solar Control 

Model W968A 

Honeywell 

A 

STD 

>10 

0 


1 


Cabinet-ETM 

LR-1950 

L«Rse 

P 




CONTROL 

1 


Aquastat 

L6008C1065 

Honeywell 

A 

STD 

>10 

0 


1 


Aquastat 

L4008BI013 

Honeywell 

A 

STO 

>10 

0 


1 


Thermostat 

T872CI004 

Honeywell 

A 

STD 

10 

0 


1 


Sub Base 

Q672BI0<M 

Honeywell 

P 


>10 



1 


Valve 

V433IAI003 

Honeywell 

A 

TTO 

0 


1 


Sensor Shield 

SK-142067 

Honeyvell 

p 





2 


Sensor 

C773BIOOS 

Honeywell 

A 

STD 

>10 

0 


2 


Wells 

122S55B 

Honeywell 

P 




I 


Case Assembly 

112892F 

Honeywell 

P 
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MANUAL OUTLINE 


Operation 


I. System Function 

II. System Components 

(Refer to Appendices) 


Maintenance 


I. System Monitoring 

II. Periodic Maintenance Schedule 

III. System Components 

(Refer to Appendices) 


Installation Instructions 


I. General 

II. Subsystems and Components 

(Refer to Appendices) 

III. Start-up and Check-out 

IV. Balancing 


Appendices 


Appendix A. 
Appendix B. 
Appendix C. 
Appendix D. 
Appendix E. 
Appendix F. 
Appendix G. 


Manual - Solar Collector 

Manual - Purge Cooling Unit 

Manual - Furnace, Gas 

Specification - Space Heat Coil 

Catalog Sheet Manual - Domestic Hot Water Heater 

Manual - Energy Transport Module 

Manual - Control 
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1.0 INTRODUCTION 

Thia doeomenl haa a twofold purpoae: 

• To identify and categorise actual or potential hasarda or 
hasardous conditions in single-family, multiple- family, and 
commercial solar heating systems. 

e To identify, rationalise, and document measures to 
eliminate or mitii;atc these hasards. 

These precautionary activities will continue through system development, 
and this document will be revised as necessary to ensure its completeness 
prior to the heating systems Prototype Design Review. All revisions will 
be approved by the program manager and will be recorded in the revision 
log. 


2.0 DICTIONARY 

Haxard - A hasard is any actual or potential condition that could cause 
injury or death to persons, or damage to or loss of equipment or property. 

Hasard Level - A qualitative categorisation of hasards in terms of potential 
consequences. 

The following hasard levels which pertain in this program result from con- 
ditions such that user error, environment, design characteristics, proce- 
dural deficiencies, or component or std>systero failure could cause these 
types of damage: 

Category I - Negligible - Will not result in injury to persons 
or damage to the system. 
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Category n • Marginal - Cm, If not eontroUad, raaott In minor 
iidory to paraona or damage to aqulpmant or 
atmeturaa. 


Category m - Critical - Can if not controlled, raault in aarioiw 
ipjury to paraona or major damage to equipment 
or atructurea. 


Category IV 


Cataatrophic - Can, if not controlled cauae death 
to peraona or deatmctimi of equipment or atructurea. 


Haaard Control - Actiona that eliminate or mitigate haaarda. The hacard 
control techniquea below are in deacending order of preference. The higheat 
level of practical action will be taken in a given caae, with the goal in all 
caaea being to reduce the hazard to the Category I level, or below, i. e. , 
minimize it even further. 

(1) Deaign for Minimum Hazard - The major effoi t during the 
deaign phaaea will be directed toward aelecting appropriate 
deaign aafety featurea, e. g. , failaafe, redundancy. 

<2) Safety Devicea - Known hazai*da that eanr<ot be eliminated 
from the deaign will be reduced to an acceptable level through 
use of appropriate aafety devicea. 

<3) Warning Device a - When it ia not practical to preclude the 
exiatence or occurrence of an identified hazard, a device 
that will detect it and provide timely warning will be need. 

(4) Special Procedure a - When none of the above in feaalble, 
apecial operating procedurea will be developed to reduce 
the hazarda. 
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8, 0 IDENTIFICATION AND CONTROL OF HAZARDS 

This process wiU, as stated, be continuous during system development, with 
the goal belQg to reduce all hasards to the Category I level or below. 

Table 1 is a list of identifiiKl hasards. the levels to which they are hasards. 
elements exposed to them (persons (p), equipment (e). and structures <s) ]. 
and corrective actions to eliminate or minimise them. 


4. 0 RATIONALE FOR CORRECTIVE ACTION 

Class (2), (3) and (4) corrective actions leave residual haaard potential 
asMciated with failure of a safety device, failure of or failure to heed a 
warning device, or failure to follow procedures properly. The rationale 
for accepting this residual hasard rather than striving for a fail-safe design 
in all of its aspects is set forth below. 

^ill be provided in a future revision). 
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TABLE 1- HAZARDS AND CORRECTI\’’E ACTION 





Corrective Action 


SiUirte of !fj7:ircJ 

I evcl 

Exposure 

T>pe 

L)c scriplion 

Reference 

i*lunihin»; tU ft-cis 

m 

P* e. s 

(1) 

Ocsign to Code 

Drawing SK I420S7 

t.lfilriral defects 

IV 

p* e, s 

(1) 

Design to Code 

Drawing SK 142057 

Controls 






r.xcfsisi ve ri<tarrs 

II 

e, s 

(» 

Purge coil removes excess heat preventing 
temperature buiblup. 

Drawing SK 142049 

r xt esslve proasures 

11 

p. e 

(I) 

Pressure relief valves and expansion tanks 
provided on pressurized loops. 

Drawing SK 142053 

Kire 






lncr»‘ascd fire hazard due to 

IV 

p. e« s 

0) 

Meat transfer fluids are non-flammable 

Drawing SK 142053 

solar systems 
R«*dueed t>uilding fire 

IV 

p* e. s 

(1) 

No unsealed penetrations of fire retarding 

Drawing SK 142057 

resistance due tu installation 




members or walls. 


Toxic and Flammable Fluids 






l> ra inage of overflow 

IV. I! 

p. s 

0) 

Overflow protection provided 

Drawing SK 142053 

1 nd< tec tit. li'.'ks 

IV. II 

p, S 

(U 

The collector loop is protected by a pressure 
sensor to warn occupants of leaks. 

Drawing SK 142053 

Fmergenev Conditions 
Bloc ked emergency exits 

IV 

p 

Ml 

Solar equipment does not block anv 


Blocked ••mcrgcncy iiccoss 

IV 

e, S 

(1) 

portals or windows 

Drawing SK 142057 

Inconspieiious/inaccessible 

m 


(1) 

Controls conspiruousl V marked and 

Drawihg SK 142054 

controls 


located in accessible area 

Drawing SK 142057 

Protection of V’ater K .\ir 






C'ontamindtion of potable water 

IV 

p 

(1) 

Double point of failure between toxic 

Drawing SK 142050 





fluid and potable water 

Drawing SK 142057 

Excessive Surface 






Temperatures 






Personnel burns 

II 

p 

0) 

All surfaces in liumati occupied sp.ices are 
insulated to prevent temperatu.-es in excess 
of 160°F. 

Drawing SK 142053 

FaeiUlv and Site 






Falling Snow and Ice 

lit 

p 

(1) 

Site integration precludes falling snow or 
ice in walkways or occupied areas. 

Drawing SK 142057 
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O' 

I 


o 


w 

o 

c 

> 


o 

?B 

H5 

z 

>► 

r 

»t3 

K 





Corrective Action 


Source of Ma73rd 

Level 

Exposure 

Type 

D< scription 

Reference 

Plumbing ilcfi'cls 

(II 

p. e, s 

U) 

Design to Code 

Drawing SK 142057 

KK-ctrical rJefccts 

IV 

P* s 

<1) 

Design to Code 

Drawing SK 142057 

Controls 






Pxcfssive tompc ratjrcs 

II 

c, s 

m 

Purge coll removes excess heat preventing 
temperature buildup. 

Drawing SK 142049 

Fxcessi%’e pressures 

11 

P. e 

(1) 

Pressure relief v&lves and expansion tanks 
provided on pressurized loops* 

Drawing SK 142053 

Fire 






Incrr'ascd fire hazard due to 

IV 

P* s 

(1) 

Heat transfer fluids are non-flammable 

Drawing SK 142053 

solar systems 
Reduced building fire 

IV 

pe e, s 

(1) 

No unsealed penetrations of fire retarding 

Drawing SK 142057 

resistance due to installation 




members or walls. 


Toxic and Flammable Fluids 






I") rainage of overflow 

IV, II 

p, s 

0) 

Overflow protection provided 

Drawing SK 142053 

I ndelectec. lc^*ks 

IV. :i 

p, s 

0) 

The collector loop is protected by a pressure 
sensor to warn occupants of leaks. 

Drawing SK 142053 

Emcrgemcv Conditions 






Blockfd einergcncv exits 

IV 

p 

(1) 

Solar equipment does not block any 


Blocked emergency access 

IV 

e, s 

(1) 

portals or windows 

Drawing SK 142057 

Inconspicuous/inaccessible 

in 

e. s 

<l> 

Controls conspicuously marked and 

Drawing SK 142054 

controls 

located in accessible area 

Drawing SK 142057 

Protection of Vater K Air 






Contamination ot potable water 

IV 

p 

(1) 

Double point of failure between toxic 

Drawing SK 142050 





fluid and potable water 

Drawing SK 142057 

Excessive Surface 






Temperatures 






Personnel burns 

(I 

p 

<l) 

All surfaces in human occupied spaces are 
insulated to prevent temperatu.'es in excess 
of I60°F. 

Drawing SK 142053 

Kacilitv and Site 






Falling Snow and Ice 

m 

p 

(U 

Site integration precludes falling snow or 
ice in walkways or occupied areas. 

Drawing SK 142057 
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APPENDIX B 

CX)LLECTOR SUBSYSTEM 
DRAWING NO. SK 142049 
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APPENDIX C 

STORAGE SUBSYSTEM 
DRAWING NO. SK 142 050 
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stohaci: subsystiim 


Thr .oUr enrrcy **hich *imoi *>* «»ed for •pace h«^aUr.c/rooUn« Is 
ftortd lor Mure use. ThU stored ener|y will be sv..«sble for 
domestic hot water heattn( and spare healmji «l nlte or on rioudv davs. 
TMt. enrrey is stored In wstei ,ronUlned In • Uned sod tnsulaled steel 
tank Ibc . 4 pacUyoflhelsnkUlOOO|-n«ns. » stsiuld be Insislh-d 
.■ ti.e res 1. i.ce sbo.e »roand. V-l.e actuated by the control system 
pe>-mtt ch-rdtn* or dtschafftn*. 


S pertft c atto*-.# 

Nominal CPact’v - 1000 
M •• Ml *10 s' 'fe cold n il» i *teel 
St** . 64" dtaK'.elef s 72” lof iT 
tA'ii.esttc b*»i water e»»ll ‘...cludi-d In ta.;k 
l.inmc. coal t.«r epo.ty 

I.Ktrrior painted »«h primer ai.d shop coat of enamel 
Tink empty weights appriw. 860 lbs. 

Filled t ink weights spproi. 9. 20j lbs. 

IS” manhole provided for inlern«l ae«-. »s 
11 penetrattor.s are provided for l> Utt/uutUts 
and temperature sensor tsilallatlcns. 
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Honeywell 

ENERGY RESOURCES CENTER CODE IDENTIFICATION NO. S5513 
HONEYWELL REQUIREMENTS SPECIFICATION NO. 


1.0 SCOPE 

This specification covers the material, design, construction and 
quality requirements for a 1000 gallon capacity shop-welded steel 
hot water storage. tank to operate at less than 15 psi. This tank 
is intended to be used as an unattended long term storage of a 
water and rust inhibilure mixture. It may be installed above or 
buried underground. 

2.0 REQUIREMENTS 

2.1 Material 

Shell and end plates shall be a minimum of number 10 gauge SAE 
1020 colci rolled carbon steel. 



2.2 Construeiion 

The tank shall be sized for a capacity of 1000 gallons and be 
approximately C4 inches in diameter and 72 inches long. The 
shell and end plate joints shall be continuous double welded 
joints with complete penetration. 

2.3 Integrity 

The tank shall not leak fluid in normal use, nor deform such as 
to preclude normal use for intended purpose. 

2.4 Openings 

Tanks shall be furnished with an 18 inch nominal manhole located 
as shown on the Storage Tank drawing Figure 1. Pipe tapping's 
or NPT flanges shall Vje attached with butt welds. Coupling threads 
must bo clean and free from defects after installation. Minimum 
length of thread shall conform to ANSI B2.1 for tapered pipe thread 
for the size specified in Figure 1. 


REVISIONS 


LTR 


A 


DESCRIPTION 


Tank size ^ capaenty 


DATE 


6-21-77 


approval 


PAGE. 


HH-6S 


c- 


HRS 
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ENERGY RESOURCES CENTER CODE IDENTIFICATION NO. S5SI3 


HONEYWELL REQUIREMENTS SPECIFICATION NO. 


HRS SK 142008 


2.5 Appurtances 

Four tie down lugs also used as lift hooks shall be provided. 

They shall be made of the same material as the tank shell and 
sized and located approximately as shown on Figure 2. They 
shall be attached with continuous double welded joints full length 
of the lug. Four support saddles shall be fabz*icated and welded 
at the tank 1/4 points. 1 he saddles shall be capable of supporting 
the tanks when filled to capacity with water at 8.3 lbs /gallon. 

2.6 Internals 

A rod of 1/8" min diameter shall be formed as shown In Figure 2 
and welded to the top of the tank to support the heat coil. It should 
be installed prior to applying the interior lining. The heat coil, 
Honeywell SK 142047', shall be furnished by buyer and installed by 
the tank manufacturer. It should be installed after the interior 
lining is applied. 

2.7 Finishes 

After final testing the tank shall be dried and cleaned thoroughly 
inside and outside to remove grease, loose scale, rust, and 
foreign material. 

The interior shall be sandblasted and then a coal tar epoxy 
(Chem-mastic 2203 or equivalent) shall be applied for a minimum 
thickness of 0. 012"i 

The exterior shall be primed and painted with a coat of enamel for 
rust protection. 

All welds shall be cleaned of welding slag prior to priming and 
painting. 
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HRS 


SK 142008 


HONEYWELL REQUIREMENTS SPECIFICATION NO. 


3.0 INSPECTION & TESTING 

3.1 Drawings 

The tank manufacturer, after receipt of purchase order, shall 
furnish shop drawings to the buyer for approval. These drawings, 
as well as the Purchase Order and specification, may be used by 
the buyer to inspect the tank during or after fabrication. An 
"as built" drawing will be required if changes are authorized 
during tank fabrication. 

3.2 Workmanship 

The tank manufacturer shall assure that a) all welds show no 
evidence of poor workmanship such as porosity, inclusions, cracks, 
lack of fill, blow holes, incompleteness, etc. b) the location and 
size of all appurtances,opening.s, threads and internals meet the 
print requirements, c) the diameter, length and wall thickness meet 
the print requirements. 

3. 3 Inspections 

The tank manufacturer shall visually inspect each tank 100% both 
inside and outside after cleaning and before applying the finishes. 

a. After finishing and installation of the heat coil the tank shall be 
reinspected visually for lack of evidence of .:se of incorrect 
materials or poor workmanship such as incomplete coverage, 
cracks, thin spots, lack of adhesion, runs, etc. 

b. Verify that the minimum thickness of the coal tar epoxy is 0.012 
inches at random points inside the tank and on the hook or measure 
the build-up on witness plugs used in the threaded opening^and the 
change in diameter of the hook. 
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3. 4 Testing i 

The tank shall be pressure tested for leaks using air pressure 
or vacuum and a suitable material such as soap suds or linseed oil 
for the detection of leaks. All leaks shall be corrected and retested 
for not less than 15 minutes. The test pressure shall be 3 psi (min) 
and shall be held for an adequate time to permit thorough inspection 
in any case not less than 30 minutes. 

3. 5 Records 

The tank manufacturer shall record the results of the inspections 

and tests of paragraphs 3.3, 3.4. These records shall be mailed i 

to the Buyer at the time of shipment. Each tank shall be identified 

for record purposes including Purchase Order number and item number. 

4. 0 PREPARATION FOR SHIPMENT 

All finished surfaces not otherwise protected shall be coated with 
rust preventive. Threaded opening shall be plugged and pipes 
extending beyond tank shall be capped and suitably supported to 
avoid damages during shipment. Tank shall be clearly identified 
with purchase order number and item number. 



5. 0 GUARANTEE 

Manufacturer guarantees that the vessel fulfills all conditions as stated 
in this Specification and that it is free from fault in design, construction, 
workmemship and material. Should any defect develop during the first 
year of operation, the manufacturer agrees to make all necessary 
alterations, repairs and replacements free of charge. 
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PART NO. 

61044^047 


oEscRirrioN 


DATE APPROVED 


Specifications 

Material - copper alloy 

Length - approx. 33 feet 

No. of Coils - 17 

Coil I.D. ' 5 3/4"(4V; 

Tubing Dian. - nom. 3/4” 

NOTES 

1) The seller will inspect each coil 
to the requirements of this 
specification and for evidence of 
poor workmanship. 

2) The heat coils shall be packaged 
in suitable protective containers 

^ that prevent damage to coil when 

I shipped by United Parcel Service. 

o 

Approved Source 


Vendcr/PN 

Wolverine Tube Division 
17200 Southfield Rd. 

Allen Park, Michigan 48101 

Truffin Type W/H 
Catalog No. 66-116038-01 
With type 1 ends 
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AUXILIARY ENERGY AND SPACE HEATING SUBSYSTEM 
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HOT WATER SUBSYSTEM 
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LOMESTtC HOT WATEK (DIIWI 
Swbaysten 

The DItW aubayatem conslata of Ivo hot vatar heaCera In 
aenea. The lal beater la the coU Immersed In the atorsge 
tank, and the 2nd heater la a ranvanltonal viemaattc hot 
water beater. The storage t-u.k In heated anih the aarplua 
tolar r o er g y not reipitred frr apace heating. TMa alored 
heal la Iraiisferred to city vater eU a coil which praheattng 
the water baforr It goes to iha cooeaMional hot water healer, 
Wltvn the alorage lank ta at it*a maatmum temperature fOO^F 
no adJlllonal heal will be rnpitred from the conventional healer 
at flow ratea of 1 gpm or lean The capacity of preheat coU 
la ahown in Figure 1 and 2. Vo limit the evipui of the beatert 
to *i40° a sell cunOtned 3 way mixing valve tempera the hot 
water to the user with city water. 
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GENE HAL 

Sp«c« h€*tlnf t» corJr*>Ue4 by th* two «t»f« h«itlnf tbcnnoaui. Flr»l sUft bCHtlag l« »«t to iMQUo 
Ml»r morcy If avallkbl* wtiOe ■•eond aUic heating wtU > 0^147 tb« •uflUtT tMiV ^ I* 

•daqust*. Th* •yatera cuntrol logic la aa followa: 

• CoDact aoUr energy when aeailaM* 

- Store energy under no load condt'loaa 

- provide energy directly to loa» oa demand 

• Ua* direct aolar energy before at*****! energy 

a Use atored energy when direct aolar ene r gy la ant aeallabl* 
a Uae direct or atcred aolar energy before atasllUry energy 

DiRrcT nr-ATiNc. fro m cm . ixctohs 

Whenever plate temperature Tp la greater than 105*F (adjoatablel and there la a call for heating from the 
space thertnnatnt p<nnpa Pj tad Pj are actli-ated. Valve Vj la poaltlooed to direct flow to the heating roll. 

The furnace fan la activated to provide warm air to the apace. A heating coll leaeiog air high limit eontrollar 
will cause valve Vj lo direct flow to the storage tank If the heating coil leaving air tamperatura eaeeeda 
140®y <^iiaw»a>iiel. Direct healing operation will ronttnue urdil the space thermoatat la aatlafted or mtU 
the ecdlecior plate temperature has dropped to fO'^F. 

HKATINU FROM STOHACF 

T la le»r lhan 10S®F (adjustable). Tjj la greater than 90®F (adjuatabla). and there la a call for 
apace h»ai. ^.np Pj U activated to dlacharge the atorage lank for apaee beating. Valve Vj la poaltioned 
to direct flee lo Lbe heating coll. The furnace fan ta activated to provide ararai air to the apace. Pmnpa 
P| and P 2 are nol allowed to operate during thla mode. The heating coil Icaelng air high limit eontr^ler 
Pinctlona as d«scnl»ed above. , 

yitJHAGK CHARlilNU 

f^torage rharglng la accompliahed whenever T la greater than TsB *»y 1I*F (adjoataMa). Pumpa Pj and P, 
are activated and valve V, U positioned to dli^l How to the storage lank. If the above lemperolure dlffereoce 


are activated and reive Vj la positioned to direct flow 
f.11. to U.. than 3'*F (.djoeUblc). the .toraf* charg. 
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V, I. U. direct colldctor loop Ho. through the h«t rejenor. end the heel rejector lu la 
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UOME5TIC HOT WATER HEATHtC 
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I.S GE1«EIIAL CCttOrriOKS 

1.1 Scope: The Ceatrol Sabsjraten vtn toctaSr An 
controlt AccMAAry for opcrAtlco of tbo soUr 
betstaf tjnem. 

l.a Req'it red Work: Tb« Mechantcol CoMrmetor »01 
tacuti and wire all cootrols a* abova oa ceacrol 
aabajrstrm virinf ccheiaatlc. ThiJ vtU lacUido 
all line voltaf* vlrlnf rr^alrcd. 

1.9 Procuremer.i of Control Ooeleo#: Coolfol derleea 
Uated la Material Li«t. (L*.. Solar Control Panel. 
Aquaalata. Thermesiat, etc. I vftl be provided bf 
Honeywell CRC. This wUl laclode the coatrot deeicet 
oaljr, all materials aeceaaary for a complete Inatallatioa 
will be provided by the Mechanical Contractor. 


9.0 BASIC MATERIALS AND hIETMOC3S 
9.1 Basic Materials: 

9.1.1 Ccatrol sensor wirinc (Yp and Tsb>: Wiriaf 
from solar control panel to control seftsem Tp 
and TsB shall be rua lu conduit in outdoor areas 
and shall be Balden #8T62 or eqwnl. 

9.1.9 Power and control wiriac: All Unc and lew 
voltafo wiring shall bo of site sad type 
required by applicable cedes- and supplied 
by Mechanical Contractor. 

9.1.9 Other Materials: All other materUla required 

for a complete instaUaikm of the Control Seboyetem 
ahall be awpplted by the Mechanical Contractor. 

9.9 Basic Methods: 

9.9.1 Control device InaUllatlnn methoda-. Aa per 
applicable details aad/or laatroctioua iaclwded 
vtM cqalpaent. 

9.9.9 Electrical wifinc: As pur aU applicable codas. 
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APPENDIX I 


ELECTRICAL SUBSYSTEM 


DRAWING NO. SK 142056 
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SOUAR HEATING SYSTEM • SINGLE FAMILY RESIDENCE 
EL.ECTBICAL SUBSYSTEM 


GENERAL CONDITIONS 

l.l Scop«: The ElectrUal Sub*y*Um will involve »n n«ld 

electrical wlrUif nece»»*ry to complete the eoUr heeling 
■ystem end make U reedy for operwtlon. 

l.J Required Work: The Electri'.al Conirector et^ell provide 
e eeperete 120V clngle phase circuit of else Indicated 
(minimum) to each of the following: 

B.) Tranaport Module: 15 amp 
b. I FVimace; 10 amp 

Each of the above elrculta shall nerve only that particular 
load. Each circuit shall have a circuit breaker or fuse at 
(he in»ln rteclric.l p.n.1 «n<i » •«P«r.l. di«coim«cl .witch 
at unit If required by code. 


g.O BASIC MATERIAI.S AND METHODS 

J.l Basic Materials: All msterUls shall be supplied by the 

Electrical Conuseior. All materials shall be as specified 
by the Architect and required by all applicable codes. 

J .2 Basic Methoda: All work shall conform with all applicable 
codes. 
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APPENDIX J 

RESIDENTIAL SOLAR HEATING SYSTEM mi^TALLATION 
FILE NO. P 049.14.24 
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OttMaac AaAtaat M taaparatara 

G 

TOOO 

Haatiaf Gail JUt taUl Twprratara 

TIM 

Callaatar lalat Tnparatara 

@ 

TMOl 

■Mtla* Mil Air DlftMwUll Tl»|ll»tM« 

TDifll 

Caliaatac Mffataatial Taaipacatava 

G 

HlOO 

Callaatar flaw Hata 

Ti«t 

Ml falar talat Tai^vatafa 

@ 

HIM 

Itarafa Plaw lata 

TOIOI 

HX faUr Oiffataatial Taaparatara 

G 

VlOf 

am Piaa Mta 

rioo 


0 

H400 

Haatiaf Call Plaa Hata 

TOaoi 

HI Hat Malar OiftoraatUl Taaparatara 

G 

Dili 

CatlMMr fmtn 

rioj 

itarafa Taali Taaparalura • Tat 

G 

■rioi 

■Ml MlMtar fu Mnr 

T20I 

ttarafa Tank Tiayrratara • MiMla 

G 

MlfO 

Itarafa Ptaip Paaar 

T204 

Itarafa Taak TOaparaiura • Hattaa 

G 

M400 

Haatiaf Piaip Paaar 

rieo 

OMaaiie CaU Halar Taaparatara 

0 

V401 

Paraaaa Paa Paaar 

TO 101 

•alar OHH itahat . Oiffaraatlal Taaparatara 

G 

T400 

Hatarai Oaa Haailiary taarfy 

T400 

MaatlM Call HH latat Tai^ratara 

@ 


























OOStKaMtOO lU U)UM 
Mooac mmi. 
u» ^tugt) 


AmbOJT nwPCitAiueu -V 

*/*VrtOR ^UPPUtD OTHtlS 
IkhTlLlt^ ^ MU.M. COUTR 


. f\K. VJPPOtT b1 
MfcCH. COtJTt. 


. VMH ’YCMJSDUCkt 
UUilUHL ^TKlf 


^tumiumc Clocks 

bKM «M» MbCH court. 


lOKD 

. (tOMcnot) 


WOUUTtK) COUVCUl^kJT 
uxtry)u RLKLbCiKnKYU^X 
Of lX^L MAbi^UT ^ 


foa n0uwT>N6 bOCATtOH 
OU. M1.T •. 


COWDOiT AlJD wCttXi 
TO O-bOt 


» SUWOtT b’^ 
yuw couTt 


NA)/b\Lm TLVAn.l^lU^ 


FLOWMETER INyTALI^ATION INSTWUCTIOWS 


\J«CIK16 to JbOx 



1. Flewmtttrs thall b« practdad by a minimum 
of twvnty 1201 pipt dlameltra of unlnternipied 
no« Itn* upttrvami and follovaO by a mlmlmum 
of tun 00) plpa diamvtera of unlntarniptod flow 
lino downatrtam. Thaao atcllona abatl bavo no 
tlbowa. vaWea. iharmomettra or temperature 
aenaora. or other obalructlona. 

I. Flowmeters ahall be located In the hoHtontal 
pooltlon. 

3, All Aewmetera ahall be IdenlirieO with a braaa 
Uf. 
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Buaiau of iNCiNUaihC 
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M » •OUii.uLP 

«• 

■•N 


»r 

CM4 


lere ^ 


•m* 

1 


l—J 




OiViSON iM tWW-S OC.C.wO«T.O»< 

seas StMOQO Ot^fa.LS 

MLLlUtMTiAL SOLAR HLATInG 
INSIALI AT iON 

william OBRitN STATL PARK 

yy^AWoMW-tOPM Ji * NS** mMiiMa Op. 9* COOtP 


>6 




FRAMS 



DUftv. CLLMUWT 

© TtMPt-tMUtl^ tiuowe. 

MO'X.M.K 



DUAL LLLKALViT 

0-rt>u^w>jRL t>LU‘3oe. 








MltLD 








V* OPT f LAVfc^.. 

CP«KT Of TOm». 'i 


vx3Tt: u«i 
\f tW3‘0 TO »V>^TA>LL 

^,?V)0 >V>TO TL^OOCl 



?>AMi. Type 
la i^&L.O fOi 


P 


VrOtAGL IMX WOUMTIK^G OLIML-C^st^ 

\KJDOO^ \VJ*pTALLNT\OKi 

>^0 bCKWU 


1 1 










